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When more than a thiazide is needed... T 
ALDOMET wetivtoon vip 
an agent well matched to the profile, 


r 









With increasing age... | 
incidence of certain | 
concurrent disorders increases 


ALDOMET may be used in a 
wide range of older hyperten- 
sives, including those with: 


* ventricular hypertrophy/ 
cardiac failure* 

* peripheral vascular disease 

* diabetes mellitus 

* hyperuricemia/gouty arthritis 


judicious exercise 
may be desirable 


ALDOMET usually does not 
interfere with the cardiovascular 
response to exercise. 


renal function often 
diminished 


ALDOMET usually does not 
reduce glomerular filtration 
rate, renal blood flow, or 
filtration fraction. 


compliance often a problem 


ALDOMET provides b.i.d. 
dosage convenience for 
many patients. 


*Edema (and weight gain) may occur and may usually 
2e relieved by use of a diuretic. Discontinue methyldopa 
if edema progresses or signs of heart failure appear. 
tMethyldopa is largely excreted by the kidney, and patients 
with impaired renal function may respond to smaller doses. 
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Ya wide range of older hypertensives 


| 
ability to autoregulate cere- 
bral blood flow with postural 
changes often decreased 


With ALDOMET" (Methyldopa, MSD), 
symptomatic postural hypotension is 
infrequent. Syncope in older patients 
may be avoided by lower doses. 


cardiac output and heart rate 
usually normal 


ALDOMET has no direct 
effect on cardiac function, 
and cardiac output usually is 
maintained. 


total peripheral resistance 
usually high 
ALDOMET lowers blood pres- 


sure, apparently by lowering 
total peripheral resistance. 


ongoing therapy usually 
required 

ALDOMET has demonstrated 
a high degree of efficacy in 
long-term therapy. 


plasma renin activity usually 
low but may be normal or high 


With ALDOMET, normal or 
elevated plasma renin activity 
| may decrease. 


JALDOMET is contraindicated in active hepatic 
_ disease, hypersensitivity to the drug, or if pre- 
vious methyldopa therapy has been associated 
ith liver disorders. 
Itis important to recognize that a positive Coombs 
- test, hemolytic anemia, and liver disorders may 
occur with methyldopa therapy. The rare occur- 


For a Brief Summary of Prescribing Information, please see following page. 


rences of hemolytic anemia or liver disorders 

could lead to potentially fatal complications 

unless properly recognized and managed. 

Syncope in older patients may be related to an 

increased sensitivity and advanced arterioscle- 

rotic vascular disease. This may be avoided MSD 
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ALDOMET® (MethyldopalMSD) 


Tablets, containing 125, 250, or 500 mg methyldopa; Oral Suspension, containing 250 mg 
methyldopa per 5 ml and alcohol 1%. 


Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis: if 
previous methyldopa therapy has been associated with liver disorders (see Warnings): hypersensi- 
tivity. 


Warnings: It is important to recognize thata positive Coombs test, hemolytic anemia, 
and liver disorders may occur with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to potentially fatal complications 
unless properly recognized and managed. Read this section carefully to understand 
these reactions. With prolonged methyldopa therapy, 10% to 20% of patients develop a positive 
direct Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily dosage 
of 1 gor less. This on rare occasions may be associated with hemolytic anemia, which could lead to 
potentially fatal complications. One cannot predict which patients with a positive direct Coombs test 
may develop hemolytic anemia. Prior existence or development of a positive direct Coombs test is 
not in itself a contraindication to use of methyldopa. If a positive Coombs test develops during 
methyldopa therapy, determine whether hemolytic anemia exists and whether the positive Coombs 
test may be a problem. For example, in addition to a positive direct Coombs test there is less often a 
positive indirect Coombs test which may interfere with cross matching of blood. At the start of 
methyldopa therapy, it is desirable to do a blood count (hematocrit, hemoglobin, or red cell count) 
for a baselineor to establish whether there is anemia. Periodic blood counts should be done during 
therapy to detect hemolytic anemia. It may be useful to do a direct Coombs test before therapy and at 
Gand 12 months after the start of therapy. If Coombs-positive hemolytic anemia occurs, the cause 
may be methyldopa and thedrug should be discontinued. Usually the anemia remits promptly. !f not, 
corticasteroids may be given and other causes of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not be reinstituted. When methyldopa causes 
Coombs positivity alone or with hemolytic anemia, the red cell is usually coated with gamma 
globulin of the IgG (gamma G) class only. The positive Coombs test may nol revert to normal until 
weeks to months after methyldopa is stopped. 

Should the need for transfusion arise in a patient receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct Coombs test alone will not interfere with typing 
or cross matching. If the indirect Coombs test is also positive, problems may arise in the major cross 
match and the assistance of a hematologist or transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phosphatase, serum transaminases (SGOT, SGPT), 
bilirubin, cephalin cholesterol! flocculation, prothrombin time, and bromsulphalein retention. 
Jaundice, with or without fever, may occur, with onset usually in the first 2 to 3 months of therapy. In 
some patients the findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has 
been reported. These hepatic changes may represent hypersensitivity reactions: periodic 
determination of hepatic function should be done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If fever and abnormalities in liver function tests or 
jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the temperature and 
abnormalities in liver function characteristically have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted in such patients. Rarely, a reversible reduction 
of the white blood cell count with primary effect on granulocytes has been seen. Reversible 
thrombocytopenia has occurred rarely. When used with other antihypertensive drugs, potentiation 
of antihypertensive effect may occur. Patients should be followed carefully to detect side reactions or 
unusual manitestations of drug idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women who are or may become pregnant or intend to 
. nurse requires that anticipated benefits be weighed against possible risks; possibility of fetal injury 
or injury to a nursing infant cannot be excluded. Methyldopa crosses the placental barrier, appears 
in cord blood, and appears in breast milk. 


Precautions: Should be used with caution in patients with history of previous liver disease or 
dysfunction (see Warnings). May interfere with measurement of urinary uric acid by the 
phosphotungstate method, serum creatinine by the alkaline picrate method, and SGOT by 
colorimetric methods. Since methyldopa causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levelsof urinary catecholamines may be reported. This 
will interfere with the diagnosis of pheochromocytoma. It is important to recognize this 
emn before a patient: with a possible pheochromocytoma is Subjected to surgery. 
Methyldopa is not recommended for patients with pheochromocytoma. Urine exposed to air after 
voiding may darken because of breakdown of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements occur in patients with severe bilateral 
cerebrovascular disease. Patients may require reduced doses of anesthetics; hypotension occurring 
during anesthesia usually can be controlled with vasopressors. Hypertension has recurred after 
dialysis in patients on methyldopa because the drug is removed by this procedure. 


Adverse Reactions: Central nervous system: Sedation, headache, asthenia or weakness. usually 
early and transient; dizziness, lightheadedness, symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, decreased mental acuity, involuntary choreoathetotic 
movements; psychic disturbances, including nightmares and reversible mild psychoses or 
depression. Cardiovascular: Bradycardia, prolonged carotid sinus hypersensitivity, aggravation of 
angina pectoris. Orthostatic hypotension (decrease daily dosage). Edema (and weight gain) usually 
relieved by use of a diuretic. (Discontinue methyldopa if edema progresses or signs of heart failure 
appear.) Gastrointestinal: Nausea, vomiting, distention, constipation, tlatus, diarrhea, colitis, mild 
dryness of mouth, sore or "black" tongue, pancreatitis, sialadenitis. Hepatic: Abnormal liver 
function tests, jaundice, liver disorders. Hematologic: Positive Coombs test, hemolytic anemia. 
Bone marrow depression, leukopenia, granulocytopenia, thrombocytopenia. Positive tests for 
antinuclear antibody, LE cells, and rheumatoid factor Allergic: Drug-related fever, lupus-like 
syndrome, myocarditis. Dermatologic: Rash as in eczema or lichenoid eruption; toxic epidermal 
necrolysis. Other: Nasal stuffiness, rise in BUN, breast enlargement, gynecomastia, lactation, 
hyperprolactinemita, amenorrhea, impotence, decreased libido, mild arthralgia, myalgia. 


Note: Initial adult dosage should be limited to 500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually between second and third months of therapy; 
increased dosage or adding a diuretic frequently restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syncope in older patients may be 

related to increased sensitivity and advanced arteriosclerotic vascular disease: M S D 
this may be avoided by lower doses. 

For more detailed information, consult your MSD Representative or see 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, PA 19486 





J1AM40R2(716) 


a P24, 430 


A2 





ADVERTISING 
REPRESENTATIVES 


NEW YORK 
Robert C. Weidner, 212-489-5756 
666 Fifth Avenue, New York, N.Y. 10103 


CHICAGO 


Wyman Carey, 312-938-2928 
303 E. Wacker Dr., 

3 Illinois Center Bldg. 
Chicago, Ill. 60601 


DALLAS 

Dick Eldredge, 214-270-6461 
1700 Eastgate Drive, Suite 103 
Garland, Texas 75041 


HOUSTON 
Dick Sheehan, 7 13-98 1-4090 
8515 Fondren Road, Houston, Texas 77074 


ATLANTA 
Robert H. Powell, Jr., 404-633-51:2 
35 Executive Park Drive, N.E., Atlanta, Ga. 30329 


LOS ANGELES 
Agatha Dory, 213-559-5111 \ 


1801 S. La Cienaga Blvd., Los Angeles, Calif. 
90035 


SAN FRANCISCO 
Marjorie Hauschild, 415-981-2594 
582 Market St., San Francisco, Calif. 94104 
Production Manager: Marty Schlessel 
Telephone: 212-489-5763 


Reprints Manager: Herbert V. Paureiss, Jr. 
Telephone: 212-489-4683 


Marketing Director: Robert C. Weicner 
Telephone: 212-489-5756 
Technical Publishing 
esa Dobehitroct Corporation 


875 Third Ave., N.Y., N.Y. 10022 


SOMES ERA Gee ees EM CU es, | co Chairman 
POVON Wy ORS Pelee es Qu vu. President 
ROGERT L DICKSON i... ie l Executive Vice President 
JOHN: CMRE Siete sulk. Senior Vice President 
CALVERD F. JACOBSON ........ Vice President—Finance 
WALTER HARRINGTON. ...... Vice President—Controller 


YSABP 





FROM THE EDITOR 





A Few Words From the Journal's Second Editor 


| am pleased and at the same time humbled to be the 
Journal's new editor.* | am well aware of the enormous 
responsibility of an editor of a major journal today, and will 
do my best not to abuse or misuse that power. Editors, of 
course, play major roles in governing the fate of ideas and 

their creators. | intend to seek advice and counsel from 
many quarters. 


The Journal seeks your finest manuscripts. | pledge to 
those so submitting that their manuscript will be processed 
and reviewed expeditiously, that the authors will be treated 
respectfully, courteously and fairly, and that the interval 
from submission to acceptance or rejection will be held 


to a minimum. | have 2 suggestions for authors submitting 
papers: (1) that they include a /etter to me stating precisely 
and concisely the significance and uniqueness of the work 
in their view, and (2) that they provide several names of 
nonlocal experts who they believe could give objective and 
informed reviews of their work. These suggested reviewers 
will be carefully considered along with other experts in the — 
field. Additionally, | would listen if authors occasionally 
provided the name of an investigator they consider unlikely 
to give an objective or fair review of their work. 


The focus of the Journal will remain strongly clinical. 
| welcome suggestions from readers at any time. 


uta. C b oa 


William C. Roberts, MD 
Editor-in-Chief 


* A tribute to the former editor from the new one ap- 
peared in the July 1978 issue of the Journal (Roberts WC. i 
SIMON DACK and the American Journal of Cardiology. Am M 
J Cardiol 1978;42: 14-6). 
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Each capsule contains 50 mg. of 
Dyrenium® (brand of triamterene ) 
and 25 mg. of hydrochlorothiazide. 


Dyazide* is a trademark of SK&F Co. 


When You Need to Conserve K+ 


Serum K+ and BUN should be checked periodically (see Warnings). 


Before prescribing. see complete prescribing information in 
SK&F Co. literature or PDR. The following is a brief summary. 
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Supplied: Bottles of 1000 capsules; Single Unit Packages 
(unit-dose) of 190 (intended for institutional use only); in 
Patient-Pak " unit-of-use bottles of 100 
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The American Journal OT CARVIULUYU Y: 


Editor-in-Chief, WILLIAM C. ROBERTS, MD, Bethesda, Maryland 


Recently, the trustees of the American College of 
Cardiology and the Technical Publishing Company, 
owner and publisher of the AMERICAN JOURNAL 
OF CARDIOLOGY, agreed that it would be in their 
mutual interest to discontinue their formal relation- 
ship. 

This issue of the Journal is the first for which Dr. 
William C. Roberts assumes responsibility as Editor- 
in-Chief. 

Dr. Roberts is the Chief of the Pathology Branch 
of the National Heart, Lung, and Blood Institute at 
the National Institutes of Health in Bethesda, Mary- 
land. He is Clinical Professor of Pathology and Medi- 
cine (cardiology) at Georgetown University and a 
lecturer in medicine at George Washington Univer- 
sity. 

Dr. Roberts, who is the principal author of the 
CARDIOLOGY series published by Yorke Medical 
Books, has been a frequent contributor to many of 


Managing Editor 
DEBI GREEN 


Assistant Managing Editor 
JUDITH WAGNER 


the leading scientific journals of medicine and cardi- 
ology, including The American Journal of Medicine 
and the American Journal of Cardiology. He has 
served on the editorial advisory boards of both the 
American Journal of Medicine and the American 
Journal of Cardiology, and has been for many years 
the Chairman of the Publications Committee of the 
American College of Cardiology. 

To our dear friend and colleague, Dr. Si Dack, 
whose association with this Journal has now come 
to a close, we extend our heartfelt thanks for nearly 
a quarter century of distinguished performance. 

To our new Editor, Dr. Bill Roberts, we pledge our 
wholehearted support as he leads this Journal into 
the exciting and challenging years ahead. 

To our readers and authors, we promise our con- 
tinuing commitment to delivering the finest journal 
our talents and resources can produce. 


Publisher 
ROBERT T. BRAWN 





EDITORIAL ADVISORY BOARD 


Dr. Roberts is in the process of appointing a new Advisory Board whose members will be 
announced in the August issue of the Journal. 
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n investment in diagnostic confidence. 








When you invest in 
angiography equipment, 
there's no need for 
compromise. You can select 
an imaging system designed 
to optimize operator efficiency 
and clinical versatility. The 
ANGIOSKOP overcomes the 
typical limitations of other 
systems. That's why it's the 
"no-compromise"' system. 
See for yourself. Compare 
the facts and discover the 


ANGIOSKOP advantage. 
A.P./P.A. Studies 

The typical compromise: True a.p. 
projection is not possible. 

The ANGIOSKOP advantage: A 


C-arm system that easily positions 
to a.p. for classic peripheral 
studies including leg arteriography. 


Oblique Studies 


The typical compromise: Restricted 
patient access. 

The ANGIOSKOP advantage: An 
imaging system that doesn't get in 
the way between clinician and 
patient. Our C-arm design 
eliminates the usual hinderances 
and provides easy access. 


y 


Coptact Studies 
a The typical compromise: Inadequate 
working height. 
The ANGIOSKOP advantage: 
Vertical adjustment of the isocenter 
to maintain an efficient and com- 
fortable working height at all times. 





Cine Studies 


The typical compromise: Limited 
imaging applications. 

The ANGIOSKOP advantage: A 
universal system that is well suited 
for cine technique and adaptable to 
perform all imaging modalities. 


Focal Spot Selection 


The typical compromise: Double 
focus tubes. 

The ANGIOSKOP advantage: A 
unique triple focus tube for full 
range performance, minimizing 
geometric or motion unsharpness. 


X-Ray Generator System 

The typical compromise: Complex 
technique selection. 

The ANGIOSKOP advantage: A new 
special procedure D.C. generator— 
the PANDOROS 1200A. Features 
convenient anatomic program 
selection from a single control 

desk for all modalities. 





...And Digital 
Subtraction Angiography 


The ANGIOSKOP allows all 
projection capabilities essential fo 
optimum digital subtraction 
angiography. And Siemens offers 
choice of digital imaging systems 
to match your clinical requiremen 


To learn more about how the 
ANGIOSKOP can help uncomplic: 
your angiographic procedures, 
contact your local representative | 
Siemens Corporation 

Medical Group 

186 Wood Avenue South 

Iselin, NJ 08830 

(201) 321-3400 


In Canada: 

Siemens Electric Limited 
Medical Systems 

P.O. Box 7300 

Pointe Claire, Quebec H9R 4R6 
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(PROPRANOLOL HCI) | 


. [HE MOST WIDELY PRESCRIBED * 
BE TA BLOCKER IN THE WORLD 





BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) cipitous elevation of blood pressure 


inderal® BRAND OF PROPRANOLOL HYDROCHLORIDE A beta-adrenergic blocking agent USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 

tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 

BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 

SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF bryotoxic effects have been seen in anima! studies at doses about 10 times the maximum recom- 
h à 

S mtcr RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF mended human dose PRECAUTIONS 





Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
CONTRAINDICATIONS served if INDERAL is administered. The added catecholamine blocking action of this drug may 


INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season. then produce an excessive reduction of the resting sympathetic nervous activity. Occasionally, 


3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycardia » 


ular failure secondary to pulmonary hypertension; 6) congest've heart failure (see WARNINGS) MAR OT tates I gi dabo sce pater eae siena ania beide ba.ob- 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 7) in patients on bd 99 re See Y yP 


adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two Mos DE The drug should be used with caution in patients with impaired renal 






week withdrawal period from such drugs ADVERSE REACTIONS 
WARNINGS Cardiovascular. bradycardia; congestive heart failure; intensification of AV block; hypotension; 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- —— Paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
tion in congestive heart failure, and inhibition with beta-blockade always carries the potential purpura . j l : À 
hazard of further depressing myocardial contractility and precipitating cardiac failure. Central Nervous System: lightheadedness: mental depression manifested by insomnia, lassi- 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 
(i.e, that of supporting the strength of myocardial contractions). In patients already receiving bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
digitalis, the positive inotropic action of digitalis may be reduced by INDERAL s negative inotrop- and place, short term memory loss, emotional lability, slight'y clouded sensorium, and de- 
ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction. creased performance on neuropsychometrics | 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, consti- 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, — Pation, mesenteric arterial thrombosis, ischemic Colitis 
this has been observed during INDERAL therapy. Therefore at the first sign or symptom of Allergic: pharyngitis and agranulocytosis, erythematous ash, fever combined with aching 
impending cardiac failure, patients shoulc be fully digitalized and/or given a diuretic, and the and sore throat, laryngospasm and respiratory distress 
response observed closely: a) if cardiac failure continues, despite adequate digitalization and Respiratory; bronchospasm ' 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 
being controlled, patients should be maintained on combined therapy and the patient closely Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the ski ser- 
followed until threat of cardiac failure is over ous membranes and conjunctivae reported lor a beta blocker (practolol) have not been 
sively associated with propranolo! 
IN PATIENTS WITH ANGINA PECTORIS. there have been reports of exacerbation of angina Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart diS- 
and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL ease, elevated serum transaminase, alkaline phosphatase. lactate dehydrogenase 
therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be DOSAGE AND ADMINISTRATION \ 
gradually reduced and the patient carefully monitorec. In addition, when INDERAL The dosage range for INDERAL is different for each indication. 
is prescribed for angina pectoris, the patient should be cautioned against interruption or ORAL 
cessation of therapy without the physician's advice. If INDERAL therapy is interrupted ANGINA PECTORIS —Dosage must be individualized. Starting with 10-20 mg three or four 
and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy times daily. before meals and at bedtime, dosage should be gradually increased at three to 4 
and take other measures appropriate for the management of unstable angina pectoris seven dayantervals until optimum response is obtained. Although individual patients may re- 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
advice in patients considered at risk of having occult atherosclerotic heart disease, angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 


who are given propranolol for other indications established . 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks 
IN PATIENTS WITH THYROTOXICOSIS, possible deleter ous effects from long term use have (See WARNINGS.) 

not been adequately appraised. Special consideration should be given to propranolol's poten- PEDIATRIE DOSAGE 





tial for aggravating congestive heart failure. Propranolo! may mask the clinical signs of develop- At this time the data on the use of the drug in this age group are too limited to permit ade- 
ing or continuing hyperthyroidism or complications anc give a false impression of improvement. quate directions for use. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms OVERDOSAGE OR EXAGGERATED RESPONSE 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA- 
slowly. Propranolol does not distort thyroid function tests. SURES SHOULD BE EMPLOYED: 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 


ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol, CARDIAC FAILURE — DIGITALIZATION AND DIURETICS 


IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for HYPOTENSION — VASOPRESSCRS, e.g.. LEVARTERENOL OR EPINEPHRINE (THERE IS 
- maintenance of adequate cardiac function, beta blockade will impair the desired inotropic EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 
. effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 
occurring during anesthesia. HOW SUPPLIED 
IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the TABLETS INDERFAL(propranolo! hycrochloride) 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, No. 461— Each scored tablet contains 10 mg of propranolol hydrochloride, in boles of 100 and 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 1,000. Also in unit dose package of 100 -— 
physiologic effects are gone according to available evidence. However, in case of emergency No. 462 — Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 and 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 1,000. Also in unit dose package of 100. » 
reversed by administration of such agents, e.g., isoproterenol or levarterenol. However, No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 100 and 
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DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
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Your patient is the single most important element in any Use any standard protocol, or any special protocols 
exercise tolerance testing procedure. prescribed by the physician. 
That’s why each component of every Burdick ExTOL The AP-1 Programmer interfaces with several ExTOL 
system is designed and coordinated to deliver accurate configurations, each offering complete instrument 
results with a minimum of staff attention. That means your compatibility, including three-channel ECG, patient-safe 
medical team can concentrate on monitoring the patient treadmill, single or multi-channel cardiac monitor, automatic 
throughout the procedure with consistency and flexibility blood pressure monitoring, and defibrillator. 
test after test. Burdick has the right system for your needs and budget. 
As one example, our Auto Programmer automatically Call or write for complete information or a demonstration. 
controls the speed and elevation of the treadmill controller. ExTOL, the name that means exercise tolerance testing. 


You can concentrate 
on the patient with 


Burdick ExTOL systems. 


A concern for cardiac care. 


THE BURDICK CORPORATION, MILTON, WISCONSIN 53563, TOLL-FREE 800-356-0701, IN WISCONSIN 608-868-7631 
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PROVEN 
EFFECTIVE 
ACROSS THE 
SPECTRUM 
OF ANGINA 


Contemporary medical opinion holds 
that the pathophysiology of angina 

is a spectrum ranging from pure, fixed 
atherosclerotic lesion to pure coronary 
artery spasm. Many patients, however, 
are believed to have a combination 

of both lesion and spasm?? 


Angina due to pure fixed lesion can be 
prevented by reducing oxygen 
demand. Angina due to coronary 
artery spasm can be treated by 
preventing the spasm itself, thereby 
increasing oxygen supply. With this 
new understanding of angina, optimal 
antianginal therapy should provide 
this dual action: increasing O, supply 
while reducing O, demand. 
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Please see PROCARDIA Brief Summary on last page. 


In effort angina" 
(when symptomatic despite conventional therapy) 








Double- blind, slakbbo contacted, crossover - 20 -week Study 
of 32 patients (27 evaluated for attack rate; 19 for exercise © 
tolerance). Mean PROCARDIA dosage: 51 mg/day. 
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*In chronic stable angina (effort-associated angina) PROCARDIA 
has been effective in controlled trials of up to eight weeks 
duration in reducing angina frequency and increasing exercise 
tolerance, but confirmation of sustained effectiveness and 
evaluation of long-term safety in these patients are incomplete. 
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Long-term, open study of 127 patients unresponsive to beta 
blockers and/or nitrates with symptoms of myocardial 
ischemia and demonstrated coronary artery spasm. 
PROCARDIA dosage: 40 to 160 mg/day. 


In mixed angina (fixed lesion and spasm) 
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Studies of patients with mixed angina characterized by pain at 
rest and effort. Most patients (89%) were initiated on nitrate 
and/or beta blocker therapy but remained symptomatic. 
Minimum duration of nifedipine treatment two months. 
Nifedipine dosage: 30 to 120 mg/day. 
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Proven effective when used alone. 


Enhanced effectiveness when combined 
with beta blockers. 


Convenient dosing 


Start with: 10-mg 
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tid. 








Titrate to: l0-mg 
capsules 
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Titrate to: l0-mg 


capsules 


tid 
For most patients, titrate over 7 to M days, using the patient's blood 
pressure response, attack frequency sublingual nitroglycerin intake 
and activity level as a guide. Titration may be more rapid (e.g., 3 days) if 
symptoms warrant and the patient is observed closely Maximum dose: 
180 mg/day 
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RIEF SUMMARY 

INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA (nifedipine) is 
indicated for the management of vasospastic angina confirmed by any of the following 
criteria: 1) classical pattern of angina at rest accompanied by ST segment elevation, 
2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically 
demonstrated ope | artery spasm. In those patients who have had angiography, 
the presence of significant fixed obstructive disease is not incompatible with the 
Ses of vasospastic angina, provided that the above criteria are satisfied. 
PROCARDIA may also be used where the clinical presentation suggests a possi 


For Oral Use 


vasospastic component but where vasospasm has not been confirmed, e.g., where» 


pain has a variable threshold on exertion or in unstable angina where electrocardi- 
ographic findings are compatible with intermittent vasospasm, or when angina is 
refractory to nitrates and/or adequate doses of beta blockers. 

ll. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA 
is indicated for the management of chronic stable angina (effort-associated angina) 
without evidence of vasospasm in patients who remain symptomatic despite ade- 
quate doses of beta blockers and/or organic nitrates or who cannot tolerate those 
agents. 

In chronic stable anginaxeffort-associated angina) PROCARDIA has been effective 
in controlled trials of up tó eight weeks duration in reducing angina frequency and 
inen y exercise tolerance, but confirmation of sustained effectiveness and eval- 
uation of long-term safety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of 
PROCARDIA and beta-biocking agents may be beneficial in patients with chronic 
stable angina, but availabie information is not sufficient to predict with confidence the 
effects of concurrent treatment, especially in patients with compromised left ventric- 
ular function or cardiac conduction abnormalities. When introducing such concomitant 
therapy, care must be taken to monitor blood pressure prec heir severe hypoten- 
Sion can occur from the combined effects of the drugs. (See d 
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seen in a patient with a history of gall bladder disease after about eleven months of 
nifedipine therapy. The relationship to PROCARDIA therapy is uncertain. These lab- 
cratory abnormalities have rarely been associated with clinical symptoms. 
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CLINICAL STUDIES 


1 Ventricular Activation During Ventricular Endocardial Pacing: |. Electrocardiographic Patterns Related 
to the Site of Pacing 


HARVEY L. WAXMAN and MARK E. JOSEPHSON 


The QRS configuration recorded with 12 lead electrocardiography during endocardial pacing can help locate the 
region of the pacing site in patients with and without organic heart disease, although precise localization is not 
possible. A QS pattern in leads |, V;, V2 and Vg was more characteristic of an apical pacing location; a mono- 
phasic R wave in leads V , and Vo, of a lateral pacing location; a QS complex in lead V5, of a septal pacing loca- 
tion. Pacing at superior sites usually produced an inferior axis and vice versa. As the site of pacing was moved 
from an apical to a basal location, the R wave amplitude in lead | and the precordial leads increased. 


11 Ventricular Activation During Endocardial Pacing. Il. Role of Pace-Mapping to Localize Origin of 
Ventricular Tachycardia 


MARK E. JOSEPHSON, HARVEY L. WAXMAN, MICHAEL E. CAIN, MARTIN J. GARDNER and 
ALFRED E. BUXTON 


Evaluating the ability of biopolar catheter endocardial pacing at or near the endocardial site of origin of sponta- 
neous ventricular tachycardia to mimic the QRS configuration of the spontaneous tachycardia, these investiga- 
tors found that pacing at the known site of origin of ventricular tachycardia produced an electrocardiogram and 
activation sequence similar to those produced by the ventricular tachycardia. Pacing at sites in close proximity 
to the site of origin of ventricular tachycardia produced either a similar or a grossly different electrocardiograph- 
ic pattern from that during ventricular tachycardia. Catheter endocardial pace-mapping, as the results showed 
in 12 patients, is not easier, more accurate or quicker than direct localization by mapping during ventricular 
tachycardia and therefore remains of limited clinical use. 


23 Prognostic Implications of Ventricular Arrhythmias During 24 Hour Ambulatory Monitoring in Patients 
Undergoing Cardiac Catheterization for Coronary Artery Disease 


ROBERT M. CALIFF, RAY A. McKINNIS, JOHN BURKS, KERRY L. LEE, FRANK E. HARRELL, Jr., 
VICTOR S. BEHAR, DAVID B. PRYOR, GALEN S. WAGNER and ROBERT A. ROSATI 


Evaluating the prognostic importance of ventricular arrhythmias detected during 24 hour ambulatory monitoring 
* in 395 patients with and 260 patients without significant coronary artery disease, these investigators found no 


Lf” ™ T relation between ventricular arrhythmias and decreased survival in patients without significant organic heart dis- 


ease. As a result, they recommend that antiarrhythmic agents be avoided in asymptomatic patients without sig- 
nificant organic heart disease. A weak relation between ventricular arrhythmia score and cardiac death was 
noted in patients with an ejection fraction of 40 percent or greater. The group with an ejection fraction of less 
than 40 percent had a much higher frequency of complex ectopic activity and a greater risk of sudden and non- 
sudden death. Because ejection fraction proved more useful than the ventricular arrhythmia score in identifying 
patients at high risk of sudden death, a trial of antiarrhythmic drugs might be based on the presence of low ejec- 
tion fraction alone. , 
continued on page A23 
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DIGITAL ANGIOGRAPHY 
completely integrated system —AngioVue- 


The First Stand-Alone System for 


Intravenous Ventriculography 

: menn Only DIASONICS/OEC could do it! By integrating the OEC 9-inch 

| | C-Arm with DIASONICS DA-100™ Digital Angiographic Imaging System 
an exciting new cardiac imaging system has been developed. AngioVue! 
The first stand-alone system for intravenous digital ventriculography. 
With AngioVue you may now perform digital subtraction studies in 

or out of the cath lab. A powerful, efficient approach to the expanding 
new field of digital angiography. 


High Resolution Digital Imaging 
with Maximum C-Arm Mobility. 


The AngioVue's unique system architecture has been designed 
specifically for cardiac applications. It provides outpatient ventriculog- 
raphy capability with better image resolution than nuclear cardiology. 
Because it's a stand-alone, mobile system, AngioVue is ideal for bedside 
imaging in the CCU/ICU. And its high-contrast resolution is the key 
to its use in PTCA, streptokinase infusion and vascular imaging. 

With the AngioVue system, images are presented in real time for 
faster, more precise diagnoses. It gives you C-Arm positioning capability 
and a wider field of view with a 9-inch image intensifier. And the 
AngioVue system can also be interfaced to a second X-ray system 
(cath lab, X-ray room). 


AngioVue: Leading the Way in 
Digital Angiography 
O Totally digital image storage/processing for improved resolution 
O Maximum C-Arm versatility for ease of patient positioning 
O Complete real-time imaging and quantitative analysis including: 
e Volumetric Determinations 
e Ejection Fraction 
e Regional Wall Motion Analysis 
e Functional Imaging 
O Dual room interface with any cath lab equipment 
C Standard fluoro capability for pacemakers and catheter placement 
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DIASONICS, INC. Consult a Diasonics Professional 
1545 Barber Lane, Milpitas, CA 95035 In addition to the DIASONICS/OEC AngioVue system, Diasonics alsgf 
(408) 946-9001 offers the DA-100 Digital Angiographic Imaging System. The DA-100 
(800) 538-7021 (USA except California) adds on to cardiac cath laps for the full range of cardiac studies. 

00) 662-6293 (In California) For a complete review of our digital angiography products, 


consult a Diasonics professional in your area today. 


Your Persantine 
patients deserve ` 


this 2-minute 


checkup 


(to be sure they're 
getting full benefits) 


1.Has the patient been taking 
Persantine long enough? It often 
takes two to three months for clin- 


ical improvement to manifest itself. 
2. Is the patient on an optimum dosage 


regimen? With 25 mg, 50 mg, and 75 mg 
tablets, it's easy to establish a convenient 


economical regimen for each patient. 


3. Is the patient getting enough Persantine? Most patients need 
150 mg daily in divided doses...some require even more. 


4. Does the patient take Persantine regularly? Encourage patients 
to take it daily, without a break. 


5. Is the patient getting genuine Persantine? Ask to see the tablets... 
and be sure to write “Dispense as written” or “No substitution” on 
your Persantine prescriptions. 


907102410 


INDICATIONS — Based on a review of this 
drug by the National Academy of Sciences- 
National Research Council and/or other 
information, FDA has classified the indica- 
tion as follows: 

"Possibly" effective: For long-term therapy of 
chronic angina pectoris. Prolonged therapy 
may reduce the frequency or eliminate angi- 
nal episodes, improve exercise tolerance, 
3nd reduce nitroglycerin requirements. The 
tug is not intended to abort the deute 
anginal attack. 

Final classification of the less-than-effective 
indications requires further investigation. 


CONTRAINDICATIONS — No specific 
contraindications are known. 
PRECAUTIONS —Since excessive 
doses can produce peripheral vaso- 
dilation, the drug should be used 
cautiously in patients with hypoten- 
sion. Persantine tablets, 25 mg, con- 
tain FD&C Yellow No. 5 (tartrazine) 
which may cause allergic-type reac- 
tions (including bronchial asthma) in 
certain susceptible individuals. The 
incidence of sensitivity is generally 
low. but frequently seen in patients 
with aspirin hypersensitivity. 
ADVERSE REACTIONS— Adverse 
rea^tions are minimal and transient 
at recommended dosages. 

Instances of headache, dizziness, 


= 


D Tablets of 25, 50 and 75 mg 
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> The experienced dipyridamole 


nausea. flushing, weakness or syn- 
cope, mild gastrointestinal distress 
and skin rash have been noted dur- 
ing therapy. Rare cases of what 
appeared to be an aggravation of 
angina pectoris have been reported, 
usually at the initiation of therapy. On 
those uncommon occasions when 
adverse reactions have been persis- 


tent or intolerable, withdrawal of medi- 


cation has been followed promptly by 
cessation of undesirable symptoms. 
DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 
three times a day, taken at least one 
hour before meals. In some cases 
higher doses may be necessary but 
a significantly increased incidence of 


EX 


side effects is associated with in- 
creased dosage. Clinical response 
may not be evident before the sec- 
ond or third month of cor tinuous 
therapy. 


Tablets of 25, 50 and 75 mg 


For complete details, please see the 
full prescribing information. 


Boehringer 
Ingelheim 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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32 Intracoronary Thrombolysis in Acute Myocardial Infarction: Correlations Among Serum Enzyme, 
Scintigraphic and Hemodynamic Findings 


FRANZ SCHWARZ, GERHARD SCHULER, HUGO KATUS, HELMUTH C. MEHMEL, i 
KLAUS von OLSHAUSEN, MANFRED HOFMANN, HANS-JOACHIM HERRMANN and WOLFGANG KUBLER 


As shown in 27 patients with acute transmural myocardial infarction, early reperfusion after the intracoronary 
infusion of streptokinase limits the infarct size as estimated from serum enzyme, scintigraphic and hemodynam- 
ic measurements. The therapeutic success of the procedure depends upon the duration and severity of thé 
ischemia and the collateral blood supply to the ischemic area. 


39  Inotropic Contractile Reserve: A Useful Predictor of Increased 5 Year Survival and Improved 
Postoperative Left Ventricular Function in Patients With Coronary Artery Disease and Reduced 
Ejection Fraction 


RICHARD W. NESTO, LAWRENCE H. COHN, JOHN J. COLLINS, Jr., JOSHUA WYNNE, 
LEONARD HOLMAN and PETER F. COHN 


This study of 54 patients who received postextrasystolic potentiation or epinephrine infusion between 1971 and 
1974 shows that 5 year survival was significantly better in the medically and surgically treated patients whose 
ejection fraction increased more than 0.10 at that time. Of further interest was that the current ejection fraction 
as determined in the radionuclide ventriculogram was significantly greater in the surgically treated subjects 
whose 1971-1974 contrast left ventriculogram showed inotropic contractile reserve. No similar improvement 
was noted in medically treated patients who demonstrated an increase in ejection fraction of 0.10 or greater with 
inotropic interventions. These data suggest that coronary revascularization enhances the function of ischemic, 
but viable, myocardium and that the difference in short- or long-term prognosis may be attributable to the pres- 
ence or absence of inotropic contractile reserve. 


45  Noninvasive Assessment of Myocardial Contractility in Asymptomatic Patients With Severe Aortic 
Regurgitation and Normal Left Ventricular Ejection Fraction at Rest 


GERHARD SCHULER, KLAUS von OLSHAUSEN, FRANZ SCHWARZ, HELMUTH MEHMEL, 
MANFRED HOFMANN, HANS-JOACHIM HERMANN, DIETER LANGE and WOLFGANG KUBLER, with the 
technical assistance of CORNELIA KEHL 


Noninvasive determination of the end-systolic pressure-volume relation or assessment of the left ventricular ex- 
ercise reserve may uncover an abnormal baseline contractile state in asymptomatic patients with aortic insuffi- 
ciency. Noninvasive determination of the end-systolic pressure-volume relation with equilibrium radionuclide an- 
giography in 14 asymptomatic patients with isolated aortic insufficiency identified two subsets of patients: one 
group with impaired myocardial contractility and normal left ventricular exercise reserve and a second group 
with depressed myocardial contractility and left ventricular dysfunction during exercise. No significant differ- 
ences in angiographic severity of aortic insufficiency, end-diastolic or end-systolic volume index or physical 
work capacity were noted in the two subgroups. Such studies and data may help to determine when to operate 
on asymptomatic patients with aortic insufficiency. 


53 Hemodynamic Determinants of the Frequency and Amplitude of a Musical Murmur Produced by a 
Regurgitant Mitral Bioprosthetic Valve 


HANI N. SABBAH, DONALD J. MAGILLIGAN, Jr., JEFFREY B. LAKIER and PAUL D. STEIN 


Using an in vitro pulse duplicating system to study the hemodynamic determinants of the frequency and ampli- 
tude of a musical murmur produced by a degenerated porcine bioprosthetic valve in the mitral position obtained 
at surgery, these investigators found that the fundamental frequency of the musical murmur was linearly related 
to the peak systolic pressure difference between the left ventricle and the left atrium and to the magnitude of the 
regurgitant flow across the valve. The regurgitant flow itself was linearly related to systolic pressure differences 
between the left ventricle and left atrium. The magnitude of the regurgitant flow, determined by the systolic pres- 
sure difference between the left ventricle and left atrium, was a determinant of the amplitude and frequency of 
the musical murmur. 


zd. | t- “Partial Atrioventricular Canal Defect in Elderly Patients (Aged 60 Years or Older) 





LB 


JOHN K. HYNES, ABDUL J. TAJIK, JAMES B. SEWARD and DWIGHT C. McGOON 


Although partial atrioventricular canal defect in elderly patients is rare, the authors detail the clinical profile of 
six such patients and confirm that surgical repair in symptomatic patients is justifiable and can be performed at 
low risk with gratifying results. No operative mortality occurred in the four patients treated surgically. Despite the 
characteristic physical Ne electrocardiogram and chest roentgenogram de$cribed in this report, a high 
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MYOCARDIAL 


REVASCULARIZATION 
MEDICAL AND SURGICAL ADVANCES IN 
CORONARY DISEASE 





The most up-to-date reference 
on the state of the art of 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 
available today. 


Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 
outgrowth of the recerrt International Symposium on Myocardial 
Revascularization held in Nassau, The Bahamas. It is edited by 
two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Collins, Jr., MD. 


Myocardial Revascularization 
features the latest on: 


lll Streptokinase - Thrombolysis in AMI 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


ll Percutaneous Transluminal Coronary 


Angioplasty (PTCA) 


ll New Calcium Blocking Druas 


lll Cardiac Benefits of Coronary 
Rehabilitation Programs 


lll Coronary Bypass Surgery for Angina, 
Unstable Angina, AMI 


Ee ee eee eee eee ee INNEN NEED ee ee eee (m: 
Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCG2 
Please send me: 

copies MYOCARDIAL REVASCULARIZATION (« $55.00 


C Enclosed is my check for. 1 1 11 1. Yorke pays postage and 
handling (same return privilege). New York residents add appropriate 
sales tax. Add $5.00 per book for orders outside the U.S. and Canada. 





O Please bill my O VISA C] MasterCard (same return privilege) 
Expiration date 
Card * MIC Interbank # 


C Please bill me plus postage and handling (U.S. and Canadian orders only). 


Name 
Adds 


City/State/Zip — ————— 
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The ECG cartridge 
with 50 lives. 





THE MOST 
COMPREHENSIVE 
PATIENT INFORMATION 














DOOK ON 


ANGINA TODAY 


Learning to Live With Angina—A unique 
75-page patient information book: Clear, compre- 
hensive, designed to improve patient compliance. 
A book compiled by outstanding physicians 
from major medical centers with extensive expe- 
rience in communicating patient information, 
Learning to Live With Angina is a highly read- 
able, comprehensive work that helps your patients 
comply more fully with your treatment regimen. 
Used under your direction, it becomes a valuable 
dd in the adjustment of a patient to his illness. 


Learning to Live With«Angina. 
Valuable information for patient compliance. 
. Distributed as a public service by Pfizer. 
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ORDER YOUR COMPLIMENTARY COPIES OF 
LEARNING TO LIVE WITH ANGINA NOW. 


P.].P., P.O. Box #3852, Grand Central Station, 
New York, N.Y. 10163 


Please send me ____one copy — five copies 
(check one) of Learning to Live With Angina. 1 


Dr. 
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Primary Specialty 
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Surprise! 


For more than 20 years, we've provided 
cardiologists with the most advanced 
Holter monitoring data analysis systems 
in the world. 

Now we're extending that experience 
to ultrasoufd imaging by offering the 
MoR Sector Imager™ Echocardiog- 


»—raphy System. 


Priced under $50,000, this complete 
echocardiography system provides opti- 
mum performance from your capital 
equipment budget. 

For example, you get high-resolution, 
digitally enhanced images. Simultaneous 
2-D and M-Mode displays. Variable sector 


angles of 30, 60, or 90 TEN 
degrees to increase clin- (i aa 
ical versatility, as well as = 
A-Mode display with Time Gain 
Compensation. Plus many more features. 
The Sector Imager System is also sim- 
ple to use. Logically arranged controls 
enhance operator efficiency. Large diam- 
eter wheels provide easy mobility 
throughout the hospital, office or clinic, 
And a unique transducer design permits 
easy access to all acoustical windows. 
Data management is further extended 
by a multi-speed fiber optic recorder 
and built-in VTR which adds post process- 


- Most ohare our Seon i 
System is supported by more than 35 ser. 
vice offices nationwide. So the same _ 
factory-trained specialists who support 
your Holter data analysis equipment. — 
can now service your chodar ae 
systems as well. | 


raphy system that's abis ies j 
able, request Bulletin 8000 from Del Mā 
Avianics, 1601 Alton Avenue, Irvine, — 
California 92714. Telephone 7/5430 00 
Telex 68-5621. Aum b 
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index of clinical suspicion is essential for making a correct diagnosis. Two dimensional echocardiography clear- 
ly defined the anatomic features and is the diagnostic procedure of choice. Cardiac catheterization or angiogra- 
phy is unnecessary when the clinical findings do not suggest severe pulmonary hypertension or mitral incompe- 
tence. 


EXPERIMENTAL STUDIES 


Spatial Distribution of ('*^C)-Lidocaine and Blood Flow in Transmural and Lateral Border Zones of 
Ischemic Canine Myocardium 


RANDOLPH E. PATTERSON, WILLIAM S. WEINTRAUB, DORIS A. HALGASH, JOSEPH MIAO, 
JOHN R. ROGERS and JOEL KUPERSMITH 


With the help of a special microsphere technique to distinguish ischemic zone myocardial tissue from normal 
zone tissue, these investigators found that intravenously injected lidocaine appeared in substantial concentra- 
tions in the ischemic myocardium 10 minutes after a bolus injection and was distributed uniformly in ischemic 
components from the center to the lateral border of the ischemic zone. There was an endocardia! to epicardial 
gradient with lidocaine concentration and blood flow being lower in the subendocardial third than in the subepi- 
cardial third of the ischemic zone even after subtraction of the contribution of normal zone tissues. The preferen- 
tial electrophysiologic effects of lidocaine on ischemic tissue must depend in part on a greater electrophysiolog- 
ic effect for a given tissue dose of the drug. These and other factors discussed in this paper must be considered 
in understanding mechanisms of drug effects in myocardial ischemia. 


Effects of Changes in Perfusion Pressure on the Position of the Electrophysiologic Border Zone in 
Acute Regional Ischemia in Isolated Perfused Dog and Pig Hearts 


MICHIEL J. JANSE and FRANCIEN WILMS-SCHOPMAN 


Direct current extracellular electrocardiograms recorded from the left ventricular epicardium of isolated Langen- 
dorff perfused dog and pig hearts demonstrated that changes in perfusion pressure can enlarge or reduce the 
area showing ischemic changes. In seven of the eight dog hearts the border could be shifted by changing perfu- 
sion pressure; in seven of eight pig hearts it remained consistent. Such changes apparently also depend on the 
presence of collateral channels. Despite species differences, not all hearts within one species necessarily be- 
haved the same. This study supports the concept that the sharp interface between ischemic and nonischemic 
cells may be shifted in some hearts as a result of changes in perfusion pressure and other interventions that in- 
crease or decrease collateral flow in ischemia caused by subtota! coronary arterial occlusion. Incividual hearts 
should be used as their own control when efforts to reduce infarct size are investigated. X 


Pathogenesis of Left Ventricular Aneurysms: An Experimental Study in the Rat Model 
JUDITH S. HOCHMAN and BERNADINE HEALY BULKLEY 


In this experimental study in which coronary ligation produced 141 myocardial infarctions in rats, true aneurysms 
developed as early as 2 weeks and only in animals with a transmural infarct. The extent of left ventricular dilation 
in the hearts with early aneurysmal shape changes did not progress significantly up to day 42. These results 
show that regional aneurysmal shape alterations in the rat are due not to late dilation of scar tissue but to “‘ex- 
pansion” of freshly necrotic myocardium within the first 5 days of infarction. This study supports suggestive evi- 
dence that aneurysmal shape changes that develop in human beings long after myocardial infarction determine 
late aneurysm formation. Hemodynamic factors may determine the presence and extent of infarct expansion 
within the first few days after infarction, followed by factors that influence the inflammatory reaction. 


Gold- 195m, a New Generator-Produced Short-Lived Radionuclide for Sequential Assessment of 
Ventricular Performance by First Pass Radionuclide Angiography 


FRANS J. WACKERS, ROBERT W. GILES, PAUL B. HOFFER, ROBERT C. LANGE, 
HARVEY J. BERGER and BARRY L. ZARET, with the technical assistance of LINDA PYTLIK and si 
MICHAEL PLANKEY — 


This study in dogs, using a prototype !95"mpg/195mAu generator demonstrates that the rapid sequential first pass 
assessment of left ventricular ejection fraction can be performed using the short-lived '9°™Au (half-life 30.5 sec- 
onds) daughter. These results permit multiple determinations using the first pass technique at res: and during a 
variety of physiologic or pharmacologic interventions, particularly in patients with rapidly changing hemodynam- 
ic status. A potential major benefit of this short-lived radiotracer is the significant reduction in radiation dose to 
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ICR,*1 in Holter Technology 
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esents the First Family. 


From the ScanMaster " to the powerful G3 Simplex system, each provides 


the unique, time saving features that users have come to expect from ICR products. 
Each provides the versatility and reliability that you require in a busy practice. 
And at ICR it's a design objective to allow you to upgrade products (within a 

series) to meet the demands of an expanding practice. 





ScanMaster'": Moderately 
priced, time saving operational 
«  Xdesign. Offers a one-pass dis- 
criminator and many other fea- 
tures you would expect to find 
only in the more advanced ICR 


6201A3 Scanner: Compact, 
affordable, dual channel. Fea- 
tures Page Mode to leaf through 
the data on the CRT in 2, 1 or V2 
minute frames, at 6 selectable 
speeds. Two scan speeds (60x 











scanners. or 120x); immediate or delayed 
write out. Other time saving 
features enhance this fine Scan- 
ner. 
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6201D3 Simplex Scanner: 
Features the ICR Simplex dis- 
criminator—a one -pass program 
that "learns" the patient's normal 
ECG based on 5 criteria. Includes 
all of the features of the A3 and, 
in addition, many advanced 
features including bar graphs, 
histograms, numeric data and 

a Cumulative Report for a one- 
page review of data. 


7200 Recorder: Well known for 
its reliable performance under 
the most demanding conditions. 
Features the unique ICR timing 
track, and calibration signal. 
Lightweight and comfortable. 


When Your Patients Depend On You, Depend On Our Technology 


ii CJ, Instruments for Cardiac 





Research, Inc. 


ICR #1 in Holter & Stress Technology 
7120 Henry Clay Blvd., Liverpool, New York 13088, 


U.S.A. Toll free 800-448-1675. In New York State, call collect 315-451-6960 


TWX 710-541-1544/CABLE: CARDIACRE LIPL 


6201G3 Simplex Holter Cardiography System: 


ECG data. 


All the features of the A3 and D3—plus a Graphic 
Printer for automatic report generation of compre- 
hensive Bar Graphs, Histograms and Analyst's 
Summary. Greatly expedites scanning process and 
allows operator to easily access, analyze and verify 





other reason were called PACESET TER: 


Look at the 


Great shape! In fact, Pacesetter Systems, Inc. has just 
completed its best year in history. Now, with the introduction 
of Programalith’ II, even that immensely successful year is 
just a beginning. 

And with good reason: Pacesetter pioneered bi-directional 
telemetry, first with the rechargeable pacemaker in 1973 
and with expanded telemetry and technology in 1979 with 
Programalith® I. Today, Pacesetter continues to provide 

all of these technological advantages in a small, bio- 
compatible package. 


This new smaller, lighter, thinner and now gently contoured 
shape assists in avoiding the dangers of pressure necrosis 
and erosion. And is a direct response to physicians’ requests. 


Our record for reliability after some 30,000 implants is well - 
above the industry standard. The Programalith IPs unique 
interrogation capability is a significant aid in pacer/patient 
diagnosis and stands literally without peer. 


Others may copy our concepts, but clearly, Pacesetter is 
the shape of things to come! 
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Pacesetter Systems, lac. 


884 Bradley Avenue, Sylmar, CA 91342 USA « (213) 362-6822 « Telex: 698415(Paceseter Svim 
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Frequent and complex forms of PVCs 
sharply increase the risk of sudden 
b cardiac death (SCD) in patients with 


ischemic heart disease, especially in the 
presence of left ventricular dysfunction." 
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To reduce the risk of 
potentially fatal arrhythmias 
in such patients 


DURA-TABS" 


e |f initially tolerated, can usually be taken successfully 
over long periods ? 


* Demonstrated by programmed ventricular stimulation 
to be effective in accepted "standard" doses.^ 


* BID or TID dosage helps improve compliance while 
providing 24-hour antiarrhythmic activity. 


. Asa rule, GI toxicity associated with quinidine 
gluconate is less frequent and less severe than that 
associated with quinidine sulfate." ° 


References: 1. Lown B, Podrid PJ, Graboys TB, et al: Curr Probl Cardiol 4:13-14, 1980. 2. Schulze 

RA Jr, Strauss HW, Pitt B: Am J Med 62:192-199, 1977. 3. Pine MB, Aronow WS: Ration Drug Ther e 
14:1-5, 1980. 4. Kastor JA, Horowitz LN, Harken AH, et al: N Eng! J Med 304: 1004-1020, 1981 

5. Podrid PJ: Patient Care 15:100-132, 1981 R 
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BERLEX Laboratories, Inc., Cedar Knolls, New Jersey 07927 © Beriex Laboratories. Inc. 1982. All Rights Reserved. 101-154 


QUINAGLUTE* pen gluconate) DURA-TABS® 
INDICATIONS USAGE: Quinaglute (quinidine gluconate) Dura-Tabs 
are indicated in the tion and/or treatment of: 

1. Ventricular : Premature ventricular contractions, ven- 
tricular tachycardia (when not associated with complete heartblock). 

2. Junctional (nodal) arrhythmias: A-V junctional premature com- 
plexes, paroxysmal junctional tachycardia 3. Supraventricular (atrial) 
arrhythmias: Premature atrial contractions, paroxysmal atrial tachy- 
cardia, atrial flutter, atrial fibrillation (chronic and paroxysmal). 
CONTRAINDICATIONS: 1. idiosyncrasy or hypersensitivity to quinidine. 
2. Complete A-V block. 3. Complete bundle branch block or other severe 
intraventricular conduction defects, especially those exhibiting a marked 
grade of QRS widening. 4. Digitalis intoxication manifested by A-V 
conduction disorders. 5. Myasthenia gravis. 6. Aberrant impulses and 
abnormal ms due to escape mechanisms. 

WARNINGS: 1. In the treatment of atrial flutter, reversion to sinus rhythm 
may be preceded by a progressive reduct on in the degree of A-V block to a 
1:1 ratio resulting in an extremely rapid ventricular rate. This possible 
hazard may be reduced by digilalization prior to administration of quinidine. 
2. Recent reports indicate that plasma concentrations of digoxin increase 
and may even double when quinidine is administered concurrently. Patients 
on concomitant therapy should be carefully monitored. Reduction of 
digoxin dosage may have to be considered. 

3. Manifestations of quinidine eod Such as excessive prolonga- 
tion of the Q-T interval, widening of the QRS complex and ventricular 
lachyarrhythmias mandate immediate discontinuation of the drug and/or 
close clinical and electrocardiographic manitoring. — 

4. |n susceptible individuals, such as those with marginally compensated 
cardiovascular disease, quinidine may produce clinically important depres- 
sion of cardiac function such as hypotension, bradycardia, or heartblock. 
Quinidine therapy should be carefully monitored in such individuals. 

5. Quinidine should be used with extreme caulion in patients with incom- 
plete A-V block since complete block anc asystole may be produced. 
Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 
and therefore should be used with caution in the presence of digitalis intoxi- 
cation. 6. Quinidine should be used with caution in patients exhibiting 
renal, cardiac or hepatic insufficiency because of potential accumulation of 
quinidine in plasma leading to toxicity. 

7. Patients taking quinidine occasionally have syncopal episodes which 
usually result from ventricular tachycardia or fibrillation. This syndrome 
has not been shown to be related to dose or plasma levels. Syncopal 
episodes frequently terminate spontaneously or in response to treatment, 
bul sometimes are fatal. 

8. A few cases of hepatotoxicity, including granulomatous hepali!is, due to 
quinidine hypersensitivity have been reported in patients taking quinidine. 
Unexplained fever and/or elevation of hepalic enzymes, particularly in the 
early stages of therapy, warrant consideration of possible hepatotoxicity. 
Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the cisappearance 
of toxicity. 

PRECAUTIONS: General: The precaul ons to be observed include all 
those applicable to quinidine. A preliminary tes! dose of a single tablet of 
quinidine sulfate may be administered to determine if the patient has an 

a Moc to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered, especia !y during the first weeks of therapy 
Hospitalization for close clinical observation, electrocardiographic monitor- 
ing, and possible determination of plasma quinidine levels is incicated 
when large doses are used, or with patients who present an increased risk 
Drug Interactions: 


ug Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs fee Seg of cholinergic 
ects 


Quinidine with carbonic anhydrase ^ ^lkalinization of urine 
inhibitors, sodium bicarbonate, sulting in decreased 


thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting factor 
anticoagulants 3oncentrations 

Quinidine with tubocurare, Polentialion of neuro- 
succinylcholine and decamelhonium muscular blockade 
Quinidine with phenothiazines Additive cardiac depressive 
and reserpine Sects 

Quinidine with hepatic enzyme- Decreased plasma halt-\ite 
inducing m (phenobarbital, af quinidine 

phenytoin, rifampin) 

Quinidine with digoxin increased plasma concentra- 


bons of digoxin (see WARNINGS) 


Carcinogenesis, Mutagenesis and impairment of Fertility: Long- 
term studies in animals have not been performed to evaluate the 
carcinogenic potential of quinidine. There is currently no evidence of 
uinidine-induced mutagenesis or impairment of fertility 

gnancy: Jeratogenic Effects: Pregnancy Category C. Animal reproduc- 
lion studies have not been conducted wit” quinidine. There areno adequate 
and well-controlled studies in pregnant women. Quinaglute (quinidine 
gluconate) Dura- Tabs should be given to a pregnant woman only if clearly 
needed. Nonlteralogenic Effects. Like quinine, quinidine has been reported 
to have oxytocic properties. The significance of this property in the clinical 
a has not been established 
Nursing Mothers: Caution should be exercised when Quinaglute 
(quinidine gluconate) Dura- Tabs are administered to a nursing woman due 
lo eia of the drug into breast milk. 
Pediatric Use: There are no adequate and well-controlled studies 
establishing the safely and effectiveness of Quinaglute (quinidine gluco- 
nate) Dura- Tabs in children 
ADVERSE REACTIONS: Symptoms of cinchonism, ringing in ears, 
headache, nausea, and/or disturbed vision may appear in sensitive patients 
after a single dose of the drug. The most frequently encountered side 
effects to quinidine are gastrointestinal in nature. These gastrointestinal 
effects include nausea, vomiting, abdominal pain and diarrhea 
Less frequently encountered adverse reactions: 
Cardiovascular: Widening o! QRS complex, cardiac asystole, ventricular 
ectopic beats, idioventricular rhythms including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, arterial embolism and hypotension 
Hematologic: Acute hemolytic anemia, nypoprothrombinemia, throm- 
bocytopenia (purpura), agranulocytosis 
Central Nervous System: Headache, ever, vertigo, apprehension, 
excitement, confusion, delirium and syncepe, disturbed hearing ‘tinnitus, 
decreased auditory acuity), disturbed vision (mydriasis, blurred vision, 
disturbed color perception, reduced vision field, photophobia, diplopia, 
night blindness, scotomata), optic neuritis 
Dermatologic: Rash, cutaneous flushing with intense pruritus, urticaria 
Photosensitivity has also been reported 
Hypersensitivity Reactions: Angioed2ma, acule asthmatic episode, 
vascular collapse, respiratory arrest, hepatic toxicity, including gran- 
ulomatous hepatitis (see WARNINGS) Although extremely rare, there have 
also been reports of lupus erythematosus in patieMs taking quingdine. A 
positive association with quinidine therapy has not been established. 
See package insert for full information 
BERLEX Laboratories, Inc., Cedar Knolls, New Jersey 07927 


How thorough and unbiased is 
your drug 
reference? 


If it's not 
MODERN DRUG 
ENCYCLOPEDIA, 





MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Executive Editor 
Gertrude Dittus Gonzales, R.Ph., B.S. Pharm., Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


The all new 16th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 


An independent team of pharmacists and physicians has researched and edited 
all the facts on 3,000 prescription drugs. It passes this research on to you in an 
easy to absorb style that’s perfectly suited to the tight schecule of a time pressed 
practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They don’t edit. 
Just print material manufacturer pays to have included. 


Here’s what careful planning does for 

MODERN DRUG ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one 
a-z sequence. 

è arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a "strong focus" layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs alphabeti- 


. cally by generic name. Each entry covers vital facts about brand 


names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found 

in the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. SE 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your pa- 
tient's special needs. 

* MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 


Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it only if you're convinced that it answers a practi- 
tioner's need for concise, easy to read information on prescription 
drugs. 


you can't be sure. 
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| Yorke Medical Books | 
Box C-757, Brooklyn, New York 11205 AJCG2 


Please send me a copy of the all-new 16th Edition of MODERN 
DRUG ENCYCLOPEDIA. If this new edition is the best drug infor- 
mation reference for practitioners available, | will remit $49.00 
plus shipping, Otherwise, | will return it within 30 days and 
owe nothing. e 


Publisher pays shipping. Same return guarantee 
C] Charge my credit card: O MasterCard [J Visa. 
Card' Np. lo Ls rr Ene dae 


NAME 
ADDRESS 


CITY. eed CARA SLAP 


New York residents add applicable sales tax. Available outside Western 
Hemisphere at $50.00 per copy. 


| 
| 
| 
| LJ Iam enclosing $49.00 now as full payment. d 
| 
| 
| 
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CRITIKON Thermodilution Catheters — 
deliver high accuracy pressure gem 
waveform transmission with m uo 
special típ construction. — 


When you need intracardiac pressure readings, 
you want an accurate monitoring system— 
because your diagnosis cannot be 
more reliable than the data it is based on. 

Thanks to the special tip design of the 
Critikon [hermodilution Catheter, the open- 
ing at the tip is the same size as the catheter 
lumen. That means pressure waveforms 
are transmitted with minimal distortion 
sce there are no restrictions at the tip (oA 
opening. The high resonant frequency 25 VE 
Hz, of the Critikon Thermodilution Catheter «€ 
ensures the faithful transmission of hemo- 
dynamic data. 

see how the Critikon Thermodilution 
Catheter can deliver improved intracardiac 
pressure readings in your hospital. Ask 
your Critikon Representative for more infor- 
mation, or call us at 800-23 7-745] 

(FL: 800-282-9151 ). 


CRITIKON | 


The Critical Care Company 
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The cart-mounted mobile system can be taken 

nere it's needed. Compact and totally 
ontained, it includes an integral stri 

chart recorder, a video tape recorder, and an 

alphanumeric keyboard. 


Hewlett-Packard's new Cardiac 
Imaging System (77020AC) is a 
full-featured ultrasound system 
specifically designed for echo- 
cardiography. Applying HP's 
own microprocessor-based, 
phased-array, imaging technol- 
ogy, it provides all the imaging, 
storage, and cardiac perfor- 
mance analysis needed for rapid, 
quality peer iology workups. 


Improved quantitative 
evaluations. 

HP’s new imaging system allows 
the echocardiographer to make 
thorough quantitative cardiac 
evaluations either during the 
exam or afterwards on prere- 
corded tape. Cardiac dimen- 
sions at end-systole and end- 
diastole can easily be calculated 
righton the display screen. For 


=~ greater accuracy, the same meas- 


urement can even be made from 
he same or differing images 


—-- «using the simultaneous sector 


scan and M-mode display. And 


When performance must U 
Ten be measured by results 


that meets all 
imaging needs. 


the system computes the aver- 
age value automatically. 


In addition, valve areas, ejection 
fraction values, slopes, and ven- 
tricular volumes are all calcu- 
lated on the display screen. And 
you can select from a menu of 
accepted methods for calculating 
chamber volumes. 


In-depth qualitative analysis. 
After examination, a hard-copy 
report of the findings can be 
made. This report lists both mea- 
surements and computations 
made during the exam, and can 
include clinical observations and 


patient identification information. 


For complete image storage and 
recall, the integrated video tape 
system automatically searches 
for and stops at selected points 
on the tape. 


Simplified operation, superior 
image quality. 

All major controls are conve- 
niently located in one central 
area. And because the system 


requires only a 

minimum of 

control adjust- 

ment, the oper- 

ator can move 

rapidly from pa- 

tient to patient. 

Our built-in 

self-test capa- Quantitative analysis 

bilitv assures on both the 2-dimen- 
z sional image and the 

the operator M-mode is easily 

that everything accomplished by 

; TK ey using an electronic 

1S functioning cursor and calipers. 

properly. 


Along with exceptional oper- 
ating ease, the system offers 
extraordinarily high resolution 
images and a wide field of view. 
And since the entire field of view 
is in focus at all times, shallow as 
well as deep structures can be 
seen on the same picture. 











The computer-based advantages 
of the HP system. 

Unlike conventional echocardio- 
graphs, HP's new Cardiac Imag- 
ing System is built around three 
high-speed microcomputers. 
They provide software- 
controlled imaging and data 
processing and a wide range of 





You can select 2-dimensional sector, M-mode, 
and independent dual ECG trigger presenta- 
tions simultaneously on the same screen. 


programs for imaging alterna- 
tives. The system can be updated 
by changing its electronic 

"chips." And digital electronics 
and microcomputer circuitry 
also ensure a new level of 
dependability and allow for 
future enhancements. 


m the future, computerization 

per ee an ever-increasing role 
in ultrasonography. Today, 
Hewlett-Packard already offers 
a computer-based ultrasound 
system. 


For more complete information 
on the new Hewlett-Packard 
Model 77020AC, contact your 
local HP sales office, or write to 
the Inquiries Manager, Cardiac 
Imagi ng Systems, Hewlett- 
Packard, 100 Fifth Avenue, 
Waltham, MA 02254. 


HEWLETT 
PACKARD 


“fo mantan decreased 
blood pressure, 
sodium must be excreted 
regularly tnroughout 
each 24-hour period?" 


In hypertension 


Hygroton 25 
(chlorthalidone USP) 


Make it your first step in 
stepped care because... 
no other diuretic blocks 
sodium retention longer 


Hygroton © 


chlorthalidone USP) 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema excessively or receiving paremtera: fluids Medication such as serum PBI levels without si Ws of thyroid disturbance 
Contraindications: Anuria ypersensitivity to chlorthalidone digitalis may also influence serum electrolytes. Hypokalemia Adverse Reactions: Anorexia, gastric irritation. nausea 
or other sulfonamide-derived drugs Warnings: Should be may develop with chiorthali&one as witheany other potent vomiting. cramping., diarrea, constipation, jaundice 
used with caution in Severe renal disease, impaired hepatic Qiuretic, especially with brisk diuresis, when severe cirrhosis \tranepatic cholestatic jaundice). pancreatitis: dizziness 
function of progressive liver disease May add to or potentiate iS present, or during concomitant use of corticosteroids or enigo. paresthesias, Readache. xanthopsia: leukopenia 
the action of other antihypertensive drugs. Sensitivity ACTH. Interference with adequate oral etectrolyte intake wi granulocytosis. thrombocytopenia, aplastic anemia 
reactions may occur in patients with a history of allergy or aiso contribute to hypokalerma. Digitalie therapy may purpura, photosensitivity. rash, urticaria, necrotizing 
bronchial asthma. There is a possibility of exacerbation or exaggerate metabolic effects of hypokalemia especially with INDUS (vasculitis) (CUulaneous vasculitis). Lyell s syndrome 
activation of systemic lupu > erythematosus with thiazides reference to myocardial activity. Any chloride deficit is (toxic epidermal necrosysis). Urthostatic hypotension may 
which are related to chlorthalidone. This has not been generaily mild and usually does not require specific treatment occur and may be agaravated by alcohol. barbiturates or 
reported with chlorthalidone. Thiazides cross the placental except under extraordinary circumstanees (as in liver disease arcotics. Other adverse reactions include hyperulycemia 
Darrier and appear in cord blood. Use in pregnant women or renal disease). Dilutiona! hyponatremia may occur in J'ycosuria. hyperuricemia. muscle spasm, weakne: 
requires that the anticipated benefits of the drug be we ighec edematous patients in hot weather Hyperuricemia may occur restiessness. impotence. Whenever adverse reactia: 
against possible hazards to the fetus. These hazards include or gout be precipitated in certain patients. Insulin moderate or severe. cniorthalidone dosage should be 
fetal or neonatal jaundice. thrombocytopenia, and possibly requirements in diabetic patents may be increased or therapy withdrawn Usual Dose: One table: daily 

other adverse reactions which have occurred in the adult. In decreased, or unchanged and latent diabetes mellitus may How Supplied: Tablets—100 mg. (white. scored), 5t 
nursing mothers, thiazides cross the placental barrier and become manifest. Chiorthalidone and related drugs may (aqua) in Dotties of 100. 1000 and 5000: 25 ma. (peach) i 
appear in breast milk. If use of the drug is essential, the increase the responsiveness to tubocu:arine. The botties of 100 and 1000; unit-dose blister packs. boxes 
Path, "t should stop nursing. Precautions: Periodic antinypertensive effects of the drug may be enhanced in the 100 (10 x 10 Strips) 

determination of serum electrolytes to detect possible postsympathectomy patient Chlorthalidone and related drugs Reference: 1. Finnerty FA.. Jr Hypertension: The 
electrolyte imbalance should be performed at appropriate may decrease arteriai responsiveness to norepinephrine Continuing Challenge. Scientific Exhibit. Meeting of the AAFP 
intervals. All patients receiving chierthalidone should be If progressive renal impairment becomes evident. as Boston. Mass.. Sept 20-23. 1976 

observed for clinical signs of fluid or electrolyte imbalance indicated by a rising nonprotein nitrogen or blood urea 


nemely, hyponatremia, hypochloremic alkalosis nitrogen. a careful reappraisal of therapy is necessary with SAF A 
inn} Í © i » ainct An rni wr ^ sake r s A eo 4: "m P d | USV Lat $21(0]d [2 fare 
and hypokalemia Serum and urine electrolyte determinations consideration given to withholding or discontinuing diureti WE dolus oV LaDOratories IMNE 


are particularly important when the patient is vomiting therapy. Chlorthalidone and related drugs may decrease CAP -5 Manati. P.R. 00701 
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the patient. However, a major concern with the use of this generator system is the amount of '’°Hg break- 


through. It is anticipated that the amount of '9°Hg breakthrough can be controlled in the future by future improve- 
ment of the generator. ! 


METHODS 


95 Phase Image Characterization of Ventricular Contraction in Left and Right Bundle Branch Block 


MICHAEL A. FRAIS, ELIAS H. BOTVINICK, DALE W. SHOSA, WILLIAM J. O'CONNELL, 
MELVIN M. SCHEINMAN, ROBERT S. HATTNER and FRED MORADY 


This study of 16 patients with normal conduction, 9 with right bundle branch block and 8 with left bundle branch 
block demonstrates that the phase image, a computer-derived functional image based on the analysis of the time 
versus radioactivity curve in each pixel location of the multiple gated blood pool scintigram, can be used to char- 
acterize familiar conduction abnormalities and to investigate the timing and sequence of ventricular contraction 
in patients with normal or abnormal ventricular activation. The pattern of phase angle distribution, representing 
the pattern of ventricular contraction, was homogeneous and symmetric in both the left and right ventricles of 
patients with normal conduction but significantly different in those with right or left bundle branch block. Phase 
imaging appears most valuable as a descriptor of electrical conduction when contraction follows conduction but 
not when this is untrue. 


106 Radionuclide Evaluation of Postextrasystolic Potentiation of Left Ventricular Function Induced by 


Atrial and Ventricular Stimulation 


VICTOR KALFF, WILLIAM CHAN, MARK RABINOVITCH, WILLIAM O'NEILL, JOSEPH WALTON, 
JAMES STEWART, JAMES H. THRALL and BERTRAM PITT 


In this study of 10 patients using radionuclide ventriculography, ventricular and atrial stimulation produced simi- 
lar significant increases in left ventricular ejection fraction, decreases in relative end-systolic volume and little 

change in relative end-diastolic volume. There was no difference in the postextrasystolic potentiation induced 

by atrial or ventricular premature stimulation, despite the longer compensatory pause and the greater end-systol- 

ic volume at the end of the ventricular premature beat. The importance of finding that postextrasystolic potentia- 

tion induced by atrial stimulation is the same as that induced by ventricular stimulation lies in the increased ease 

and safety of performing atrial stimulation in the catheterization laboratory. It may become feasible to screen 

noninvasively patients with known impaired left ventricular dysfunction by postextrasystolic potentiation to judge 

whether they are suitable for surgical intervention. 


112 Relation Between Regional Myocardial Uptake of Rubidium-82 and Perfusion: Absolute Reduction of 


Cation Uptake in Ischemia 


ANDREW P. SELWYN, ROGER M. ALLAN, ANTONIO L'ABBATE, PETER HORLOCK, PAOLO CAMICI, 
JOHN CLARK, HAROLD A. O'BRIEN and PETER M. GRANT 


Myocardial tomograms using rubidium-82 and positron tomography recorded at rest and after exercise in five 
healthy volunteers showed homogeneous uptake of cation in reproducible and repeatable scans. In contrast, five 
patients with coronary artery disease and angina showed an absolute mean decrease of 36 + 14 percent in re- 
gional myocardial uptake of rubidium-82 after exercise. Their abnormalities persisted in serial tomograms for 
more than 20 minutes after the symptoms and electrocardiographic signs of ischemia had subsided. The short 
half-life (t! = 78 seconds) allows serial studies, measurement and interpretation of directional changes in 
events in each region of the myocardium in the same subject. This technique also permits the use of positron to- 
mography clinically without the expense of an on-site cyclotron. 


122 Evaluation of Normal Variations in S-T Segment Patterns by Body Surface Isopotential Mapping: S-T 


Segment Elevation in Absence of Heart Disease 


DAVID M. MIRVIS 


S-T segment elevation without coexistent cardiac disease is estimated to occur in 1 percent of the general popu- 
lation and in as many as one third of subjects in defined subgroups. Body surface isopotential mapping in 45 nor- 
mal volunteers suggests that standard precordial leads do not accurately predict maximal torso potentials during 
the S-T segment and the degree of overlap between repolarization and depolarization is not a major determinant 
of precordial voltage. Absence of a temporal factor implies that the differences in the biophysical determinants 
of the intensity of recovery forces, including altered regional differences in the magnitude of intracellular platea 
potentials or action potential durations and shapes, may prove important in the genesis of S-T potentials. "Early 
repolarization" appears to be a feature of abnormal but not of normal cardiag states with S-T segment eleva- 
tion. 
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Whatever your patient sets his mind to, 
Enertrax sets its pace to. 
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Introducing Enertrax: 


You want your patient with a 
healthy sinus node to lead a life 
limited only by his imagination, 
not by his pacemaker. He can do it 
with Medtronic's completely pro- 
grammable Enertrax, the most 
physiologic pacemaker available. 

Whether hes running, reading, 
or anything in between, Enertrax 
automatically tracks the patient's 
atrial activity and then paces the 
ventricle in response when AV 
conduction fails and no R-wave is 
sensed. It is the finest replacement 
for the heart's AV node and Bundle 
of His. 

Designed expressly for atrial 
synchronous, ventricular inhibited 
(VDD) pacing, Enertrax can sig- 
nificantly increase work capacity 
over ventricular demand (VVI) 
pacing, permitting normal ranges 


of heart rate as the patient's body 
directs. Your patient may feel fewer 
symptoms, have improved well be- 
ing and other proven benefits of 
VDD pacing. All in only 40 grams. 
Enertrax is ideal for a child's grow- 
ing life. It can give both young and 
older patients a hemodynamic 
boost that restores vitality. 

You can easily treat complica- 
tions such as loss of atrial sensing 
by reprogramming atrial sensitivity. 
Precise, simple patient man- 
agement. Medtronic technology 
brings you the simplest and most 
useful followup tools, a whole 
performance-matched system. 
Special telemetry features make 
Enertrax functions easy to follow 
while simplifying management for 
both you and the patient. 

Telemetry and programmable 


Medtronic [53 


Leading the way to man's heart. 


The smallest, most programmable physiologic 


pacemaker, with the useful followup you want. 


functions are controlled by the 
Medtronic Censys" programmer, 
your vital communications link to 
any Medtronic pacemaker. With 
Censys and Enertrax, you get a real 
time *self-diagnostic" marker of 
pacemaker activity which simpli- 
fies follow-up and troubleshooting 
diagnosis. You also have a real- 
time calibration pulse and control 
of eight programmed parameter 
values. Plus battery status, pace- 
maker model ID number and many 
other patient management fea- 
tures. 

Teletrace telephone monitoring 
offers you parameter and battery 
status telemetry, as well as trans- 
telephonic EKG transmission. 

For physiologic pacing as indi- 
vidual as each patient's natural 
heart rate: Enertrax. 





ENERTRAX™ Model 7100 


Intended Uses 

Atrial synchronous pacing using an implantable VDD pacemaker is 
for patients who have intermittent or complete atrioventricular block 
with normal sinus activity and who would benefit from regular atrial 
contribution to ventricular filling and rate variation based on phys- 
iologic need. 


Contraindications 

There are no known contraindications to the use of pacing as a 
therapeutic modality for control of heart rate.The patient's age and 
medical condition, however, may dictate the particular pacing sys- 
tem, mode of operation, and implantation procedure used by the 
physician. Use of the VDD mode is contraindicated in the presence 
of atrial bradycardias (sick sinus syndrome, sinus arrest), atrial 
fibrillation, atrial flutter or atrial tachycardias. It is also contraindica- 
ted in slow retrograde conduction situations resulting in atrial activ- 
ity that retriggers the pacemaker. 


Warnings 

Diathermy should not be used on patients with pacemakers be- 
cause of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
generators or bipolar pulse generators implanted in the unipolar 
mode because of danger of introducing fibrillatory currents into the 
heart via the implanted pulse generator/lead. Pulse generators may 
be damaged by defibrillatory discharges if the paddles are placed 
over the implanted pulse generator. See the specific precautions 
and warnings in the technical manuals included with the pulse 
generator. 


Precautions 
The physician should be aware that all pulse generators will ulti- 


mately cease to function due to cell depletion, and may fail at any . 


time due to random component or battery failures which cannot be 
predicted prior to failure. Also, that the pacing system may cease to 
function at any time due to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be affected 
by electrical interference from certain electrical equipment. 


Side Effects 

Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 
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CARDIOLOGY: 
1982 


The Second Issue of the New Annual providing 
a multidisciplinary approach to the latest, most 
important information on the state-of-the- 

art of cardiovascular medicine and surgery 





written by: 


William C. Roberts, M.D. 

Chief, Pathology Branch/National Heart, 
Lung & Blood Institute/National institutes of 
Health/and Clinical Professor of Pathology 
& Medicine (Cardiology )/Georgetown 
University School of Medicine, 
Washington, D.C. 

Dean T. Mason, M.D. 

Professor ot Medicine and 

Physiology, and Chief of 

Cardiovascular Medicine, University 

of California, Davis School of 


Medicine and University Medical 
Center, Davis and Sacramento, California 


What is CARDIOLOGY 1982? 


e The second in an annual series to be published in the 4 
SPRING each year 


€ A review of the year's newest and most important 
developments in cardiology — 665 papers 


e A multidisciplinary approach to clinical and applied 
research based on an exhaustive search of the year's 
literature 

€ A unique, cohesive summary of the state-of-the-art, 
written, not edited, by those making outstanding 


developments in the field 


€ A practical approach to a complicated and fast-moving 
subject designed to be read and used daily 


CARDIOLOGY:1982 is NOT 


€ A collection of unrelated reviews $ 
€ An abstracting service 
€ A rehash of materials readily available elsewhere e 


Mary Allen Engle, M.D. 

Stavros S. Niarchos Professor of Pediatric 
Cardiology/Director of Pediatric Cardiology! 
The New York Hospital-Cornell University 
Medical Collage , New York 


Lawrence H. Cohn, M.D. 
Professor of Surgery/Harvard Medical 
School/Department of Surgery/Division of 
Thoracic & Cardiac Surgery/Brigham & 
Women's Hospital, Boston 


ISBN 0-914316-27-3 approx. 500 pp., illus., 
April 1982, $45.00 ISSN 0275-0066 


"It is more than merely a reference book, since it explains what to the 
publications. It is highly recommended." Philip Reichert, M.D. 

| | | - . New York State Journal of 

Medicine. September. 1981 


* 


*..recommend...to any reader interested in the literature of _ 
JR ct Irwin R. Callen, M.D. - 
-— : | JAMA, November, 1981 


SPECIAL O YES, please enter my standing 

order for CARDIOLOGY: 1982. ! un- 

DISCOUNT OFFER derstand that each edition (published 
Place a standing order to receive each 


once a year) will be automatically 
edition of CARDIOLOGY: 1982 on 30 shipped to me on 30 day approval, and 
day approval and receive a 10% dis- 


| will receive a 10% discount on this 
count on this and all future editions. and all future editions. (1982 edition 


discount price $40.50) 
Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCG2 


O Please send me a copy of the 1982 edition at the full orice of $45.00. | do not wish to place a 
standing order. LI 


O Enclosed is my check fot. 1 11 Yorke pays postage and handling 
(Same return privilege) aP* 
(New York residents add appropriate sales tax. Add $5.00 per book for orders outside the U.S and Canada | 


D) Please bil! my O VISA O MasterCard (same return privilege) 
Exp. date... — — Card No. M/C Interbank No... . 





O Please bill me plus postage and handling (U.S. amd Canadian orders only) 


Name 
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PEDIATRIC CARDIOLOGY 


129 Myocardial Injury in Infants With Congenital Heart Disease: Evaluation by Creatine Kinase MB 
S Isoenzyme Analysis 


ROBERT J. BOUCEK, ALFRED G. KASSELBERG, ROBERT C. BOERTH, MARK D. PARRISH and 
THOMAS P. GRAHAM, Jr. 


Children with certain congenital cardiac abnormalities and conditions may show significantly elevated serüm 
creatine kinase (CK) MB levels and activity from myocardial cell injury and release of CK MB as a result of arteri- 
al desaturation, acute pressure-volume overload, or both. They are usually symptomatic children with a large left 
to right shunt, aortic stenosis and coarctation of the aorta, cyanotic heart disease or congestive heart failure. In 
children with severe cyanosis or congestive heart failure, CK MB may be elevated and correlated with the severi- 
ty of the hemodynamic abnormality. Because there is overlap between groups of children with congenital heart 
disease, the serum CK MB level should be combined with other diagnostic procedures to interpret properly the 
significance of such serum CK MB activity. Combined with other modalities, serial determination of CK MB activ- 
ity may be useful in semiquantitatively assessing the efficacy of medical or surgical interventions in reducing the 
cell injury of congenital cardiac abnormalities. 


136 Cardiac and Coronary Arterial Involvement in Infants and Children From New England With 
Mucocutaneous Lymph Node Syndrome (Kawasaki Disease). Angiographic-Echocardiographic 
Correlations 


KYUNG J. CHUNG, LAURA BRANDT, DAVID R. FULTON and MARSHALL B. KREIDBERG 


In this study 48 percent of 44 infants and children from New England with Kawasaki disease showed abnormal. 
M mode echocardiographic findings during the acute febrile stage. Two dimensional echocardiograms identified 
coronary arterial lesions accurately if present proximally but failed to detail aneurysms beyond 1.5 cm from the 
aortic root. Serial M mode and two dimensional echocardiograms provide sufficient information to rule out cardi- 
ac involvement in Kawasaki disease. All patients with coronary artery disease detected with angiography had 
abnormal echocardiographic findings during the acute febrile stage. It is therefore important to obtain several 
echocardiograms during the acute febrile stage. Patients with abnormal echocardiographic findings may be con- 
sidered for angiocardiography to delineate the extent of cardiac involvement. 


143 Long-Term Follow-Up Study After Closure of Secundum Atrial Septal Defect in Children: An 
Echocardiographic Study 


RICHARD A. MEYER, JOAN C. KORFHAGEN, WESLEY COVITZ and SAMUEL KAPLAN 


d Serial pre- and postoperative echocardiographic measurements in 51 children with isolated secundum atrial 
septal defect showed that right ventricular dilation persisted up to 5 years after closure of the interatrial defect 
in more than 80 percent of patients despite an initial decrease in right ventricular size in the first 3 months after 
operation. This phenomenon may be due to the chronic preoperative dilation secondary to chronic interatrial 
shunting, and the significantly increased shortening fraction of the left ventricle observed in 44 percent of the 
children after operation may result from the abnormal left ventricular geometric configuration or abnormality of 
filling. Surgical closure of the atrial defect in the first 3 years of life may possibly prevent these abnormalities. 


REPORTS ON HYPERTENSION 


149 Early Hypertension and Cardiac Work 
GERALD R. DRESLINSKI, FRANZ H. MESSERLI, FRANCIS G. DUNN and EDWARD D. FROHLICH 


External work (tension-time index and cardiac work) and internal work (fiber-shortening velocity) were signifi- 
cantly more increased in 38 hypertensive patients without left ventricular hypertrophy than in 33 normotensive 
subjects. These results suggest that in early hypertension myocardial oxygen demand is increased although left 
ventricular wall thickness is normal. Ideal therapy in early hypertension must therefore normalize the elevated 
arterial pressure and minimize myocardial oxygen demand by reducing the heart rate, fiber-shortening velocity, 
ejection time and arterial pressure. 

‘<o 


152 Changes in R Wave Amplitude During Aerobic Exercise Stress Testing in Hypertensive Adolescents 
BONITA FALKNER, DAVID T. LOWENTHAL, MELTON B. AFFRIME and BARBARA HAMSTRA 
During progressive aerobic exercise a normotensive group of 24 adolescent boys showed a progressive inf 


crease in systolic pressure, heart rate, rate-pressure product and a progressive decrease in R wave amplitude 
with a significant correlation of R wave change versus the cardiac respense variable. Hypertensive adolescent 
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Ativan: Accumulation to steady state 
extends for only 2-3 days. 
No active metabolites. 


beca 


ts shorter acting, 
with less accumulation“ 


In contrast to long-acting benzodiazepines, Ativan has 
ashort, 12-hour half-life, and no active metabolites. In 
multiple-dose therapy, Ativan accumulates for only 2 
to 3 days before reaching steady state; the long-acting 
benzodiazepines—diazepam CIV, chlordiazepoxide 
CIV, clorazepate CIV and prazepam CIV— with their 
active metabolites accumulate for as long as 20 days, 
increasing the likelihood of excessive sedation. 


1. Klotz U, Reimann I: N Engl J Med 302:1012-1014, 1980. 

2. Desmond PV, Patwardhan RV, Schenker S, et al: Ann Intern Med 93:266-268, 1980. 

3. Patwardhan RV, Yarborough GW, Desmond PV, et al Gastroenterology 79:912-916, 1980 

4. Sellers EM, Naranjo CA, Peachey JE: N Engl J M@d 305 1255.1262, 1981 

5. Ruffalo RL, Thompson JF, Segal JL: South Med J 74:1075-1078, 1981. 

*Pharmacokinetics cannot as yet be directly related to efficacy. 

* All benzodiazepines produce additive effects when given with CNS depressants such as barbiturates or alcohol 
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it doesnt interact with | 
drugs metabolized by 


PASO microsomal enzymes 


Most benzodiazepines undergo oxidative metabolism 
and thus utilize the hepatic microsomal enzyme 
system. Ativan (lorazepam), however, is metabolized 
by glucuronidation and does not compete with other 
drugs for cytochrome P450. Thus, when Atan is 
given with Tagamet® (cimetidine), for example, 
Clearance is not delayed, nor sedation increased! — 
unlike reported observations with patients on other 
benzodiazepines.'-5 
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it gives uou greater 
control of therapy 


The short half-life of Ativan® facilitates more rapid 
response to dosage adjustments, allowing you to ( Ee aa) 
titrate therapy to patients' changing needs. Also, once OI Phew 

you decide to discontinue Ativan, it will be out of your 

patient’s system 4 days after the final dose—in 

contrast to long-acting benzodiazepines and their 


active metabolites which take as much as 2 weeks to 
-bẹ totally eliminated. 
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| Summary of Prescribing information. 


tations and Usage: Management of anxiety disorders or short-term relief of symptoms of 
"ty or anxiety associated with depressive symptoms. Anxiety or tension associated with 
S of everyday life usually does not require treatment with an anxiolytic. 

ectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
Jlinical studies. Reassess periodically usefulness of the drug for the individual patient. 


traindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


nings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
g drugs, warn patients not to operate machinery or motor vehicles, and of diminished tol- 
ze for alcohol and other CNS depressants. 
ysical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
es and alcohol have occurred following abrupt discontinuance of benzodiazepines 
iding convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
1 on benzodiazepines because of their predisposition to habituation and dependence. 
drawal symptoms have also been reported following abrupt discontinuance of benzodi- 
ines taken continuously at therapeutic leves for several months. 
«autions: In depression accompanying anxiety, consider possibility for suicide. 
r elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
tion. Terminate dosage gradually since abrupt withdrawal cf any antianxiety agent may 
tin symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and 
sional convulsions. Observe usual precautions with impaired renal or hepatic function. 
re gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
Yot been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
/kg/day. No effect dose was 1.25mg/kg/day (about 6 times maximum human therapeutic 
of 10mg/day). Effect was reversible only when treatment was withdrawn within 2 months 
st observation. Clinical significance is unknown; but use of lorazepam for prolonged 
ids and in geriatrics requires caution anc frequent monitoring for symptoms of upper G.I. 
ise. Safety and effectiveness in children under 12 years have not been established. 


ENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
itions of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
ecommended during long-term therapy. 


ICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
ts when administered with such medications as barbiturates or alcohol. 


CINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
juring an 18-month study. No studies regarding mutagenesis have been performed. 


GNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
asional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
ormed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
ige. Although all these anomalies were not present in the concurrent control group, they 
‘been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
ance cf fetal resorption and increased fetal loss in rabbits which was not seen at lower 
is. Clinical significance of these findings is not known. However, increased risk of congeni- 
ialformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
robamate) during first trimester of pregnancy has been suggested in several studies. 
iuse use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
iid almost always be avoided. Possibility that a woman of child-bearing potential may be 
nant at institution of therapy should be considered. Advise patients if they become preg- 
to communicate with their physician about desirability of discontinuing the drug. In 
ans, blood levels from umbilical cord blood indicate placental transfer of lorazepam and its 
uronide. 

SING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
odiazepines. As a general rule, nursing should not be undertaken while on a drug since 
y drugs are excreted in milk. 

erse Reactions, if they occur, are usually observed at beginning of therapy and generally 
pear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
nts, most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
«ness (4.296) and unsteadiness (3.496). Less frequent are disorientation, depression, nau- 
change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
lion disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
ie of sedation and unsteadiness increased with age. Small decreases in blood pressure 
been noted but are not clinically significant, probably being related to relief of anxiety. 
rdesage: in management of overdosage with any drug, bear in mind multiple agents may 
been taken. Manifestations of overdosage include somnolence, confusion and coma. 
ce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ital signs and close observation. Hypotension, though unlikely, usually may be controlled 
Levarterenol Bitartrate Injection U.S.P. Usefulness of dialysis has not been determined. 
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(lorazepam)« 





sage: Individualize for maximum beneficial effects. Increase dose 
dually when needed, giving higher evening dose before increasing 


time doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
y vary from 1 to 10mg/day in divided doses. For elderly or debili- 
d, initially 1-2mg/day; insomnia due to anxiety or transient situa- 


ial stress, 2-4mg h.s. 
w Supplied: 0.5, 1.0 and 2.0mg tablets. 
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NOW AT YOUR FINGERTIPS... 


the knowledge of world-renowned specialists to help 
you understand, diagnose, and manage infections 
which strike patients with: 


Diabetes / Alcoholism / Cancer / Drug Addiction / 


Rheumatic Disease / Uremia / Pulmonary Disease / 
Hepatic Insufficiency / Allograft Transplantation, etc. 


INFECTIONS 


IN THE ABNORMAL HOST 





Edited by Michael H. Grieco, M.D. 
Text by 47 Specialists. iliustrated with 147 
Drawings and Photos, 78 in Full Color 


infections in the Abnormal Host discusses 

in 36 revealing chapters the mechanics gon 
of host defenses .. . the various under- ye 
lying disorders and the latest treatments 

by chemotherapy, management of agran- 

ulocytosis, immunological reconstitution, 

passive and active immunotherapy, and 
immunostimulation. 


Consultation and study of Infections will help you understand, 
diagnose, and manage the many infections which strike patients 
whose defense mechanisms are down. 


Check this list of chapters 
PARTI HOST DEFENSES 


* Introduction to the Abnormal Host and Complicating Infections * The 
Neutrophil in Host Defense: Congenital, Acquired and Drug-induced Ab- 
normalities « The Complement System in Human Disease * Structure and 
Function of Immunoglobulins « Human Lymphocyte Subpopulations: 
Surface, Intracellular, Enzymatic Markers and Functions * Congenital 
and Acquired Primary Disorders of B and T Lymphocyte Function « Drug- 
induced B and T Lymphocyte and Monocyte Dysfunction * Cutaneous, 
Pulmonary, Gastrointestinal and Genitourinary Defense Mechanisms and 
Relationship to-Nosocomial infections * The Effects of Malnutrition on 
Host Responses and the Metabolic Sequelae of Infections « Humoral and 
Cellular Responses to Infection 


PART I| INFECTIONS ASSOCIATED WITH THE ABNORMAL HOST 


* Pyogenic Bacterial Infections * Higher Bacterial and Fungal Infections e 
Mycobacterial Infecticns * Viral and Chlamydial Infections * Protozoal 
and Helminthic Infections + Infections Complicating the Transfusion of 
Blood, Blood Products, Animal Exposure and Animal Products « Infec- 
tions Complicating the Alcoholic Host » Infections in Parenteral Narcotic 
and Drug Abusers « Infections Complicating Uremia and Organ Trans- 
plantation « Infections in Patients with Neoplastic Diseases + Infections 
Complicating Diabetes Mellitus « Diagnosis and Treatment of Diffuse 
Pneumonias « Host Deficiency States and Central Nervous System Infec- 
tions * Genitourinary Infections + Infections Complicating the Rheumatic 
Diseases * Endovascular and Prosthetic Implant Infections « Intraocular 
Manifestations of Systemic Infections * Selected Histopathologic Respon- 
ses * The Microbiology Laboratory in Diagnosis and Therapy « Infections 
Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART Il! MANAGEMENT 


* Antimicrobial Therapy in the Compromised Host: Resistance, Pharma- 
cology and Toxicity « Chemotherapy for Viral and Chlamydial Infections « 
Chemotherapy for Protozoa! and Helminthic Infections « Infection Preven- 
tion in Patients with Cancer and Granulocytopenia « Immunologic Re- 
constitution e Gamma Globulin and Vaccine Therapy œ» Index 


Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCG2 


Please send, on approval, copies of INFEC- 
TIONS IN THE ABNORMAL HOST, edited by Michael 
H. Grieco. | will be free to read and consult the book in 
any and all relevant situations for 30 days. If | am not 
convinced it is a valuable professional tool, | will return 
it and owe nothing. Otherwise | will remit $79.95. 


C] Send invoice, plus shipping e 

[] Payment enclosed, publisher pays shipping (same return 
privilege) 
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boys manifested a greater increase in systolic pressure, heart rate, rate-pressure product and no decrease in R 
wave amplitude until the exercise end point. The difference in R wave response (and presumably some degree 
of myocardial dysfunction) to exercise in the hypertensive group may reflect a peripheral vascular resistance 
greater than that in the normotensive control subjects. 


COOPERATIVE STUDIES 


157 Prognostic Significance of Angiographically Documented Left Ventricular Aneurysm From the 


Coronary Artery Surgery Study (CASS) 


DAVID P. FAXON, THOMAS J. RYAN, KATHRYN B. DAVIS, CAROLYN H. McCABE, WILLIAM MYERS, 
JACQUES LESPERANCE, RICHARD SHAW and TERRANCE G. L. TONG 


Angiographically defined left ventricular aneurysm occurred in 7.6 percent of 15,019 patients with coronary ar- 
tery disease in the Coronary Artery Surgery Study. Age and left ventricular function were the two most important 
prognostic variables. Although patients with angiographically defined left ventricular aneurysm have a reduced 
survival rate, the presence of an aneurysm by itself does not independently alter survival. Such survival of pa- 
tients with left ventricular aneurysm is better than previously recognized, partly reflecting the more aggressive 
medical management in recent years with vasodilators and potent diuretic drugs. Left ventricular aneurysm is 
most commonly associated with multivessel coronary disease and high grade coronary arterial obstruction. 


REPORTS ON THERAPY 


165 Role of Electrophysiologic Testing in Managing Patients Who Have Ventricular Tachycardia Unrelated 


to Coronary Artery Disease 


GERALD V. NACCARELLI, ERIC N. PRYSTOWSKY, WARREN M. JACKMAN, JAMES J. HEGER, 
G. THOMAS RAHILLY and DOUGLAS P. ZIPES 


Among 39 patients with a history of sustained ventricular tachycardia, programmed electrica! stimulation suc- 
cessfully induced ventricular tachycardia in 14 of 14 patients with mitral valve prolapse or primary electrical dis- 
ease and in 13 of 25 with cardiomyopathy for a total of 69 percent. It induced nonsustained ventricular tachycar- 
dia in only 15 (34 percent) of patients with a history of nonsustained tachycardia. Seventy-three of the 83 pa- 
tients were treated with antiarrhythmic drugs and then followed up for 14.4 + 11.4 months. During this period 17 
patients had symptomatic ventricular tachycardia and 2 other patients died suddenly. In the patients with ventric- 
ular tachycardia unrelated to coronary artery disease programmed electrical stimulation induced ventricular 
tachycardia less often than in patients whose tachycardia was due to coronary artery disease. Such stimulation 
also induced ventricular tachycardia less often in patients with a history of nonsustained versus sustained tachy- 
cardia. Suppression of inducible ventricular tachycardia appeared to predict effective drug therapy but drug ther- 
apy predicted with noninvasive testing appeared to be unreliable in this study. 


172 Antiarrhythmic Effect of Imipramine Hydrochloride in Patients With Ventricular Premature Complexes 


Without Psychological Depression 


ELSA-GRACE V. GIARDINA and J. THOMAS BIGGER, Jr. 


In this study of 22 cardiac patients without psychological depression imipramine proved to be an effective antiar- 
rhythmic agent against ventricular premature complexes with a long duration of action and relatively few major 
adverse effects. Although its electrocardiographic and antiarrhythmic effects are similar to those of the mem- 
brane-active antiarrhythmic drugs quinidine, procainamide and disopyramide, the mechanism of action of im- 
ipramine against ventricular premature complexes is not entirely clear. Imipramine's long duration of action per- 
mits twice a day dosing. Troublesome adverse effects necessitated stopping drug administration in four patients 
during a follow-up period of 19 + 8.8 months. 


180 Effect of Isoproterenol on the Anterograde Refractory Period of the Accessory Pathway in Patients 


AAR 


With the Wolff-Parkinson-White Syndrome 


HEIN J. J. WELLENS, PEDRO BRUGADA, DENIS ROY, JAMES WEISS and FRITS W. BAR d 


Infusion of isoproterenol shortened the anterograde refractory period of the accessory pathway in six of seven 
patients with the Wolff-Parkinson-White syndrome. The greatest shortening occurred in those with the longest 
initial values for the anterograde refractory period of their accessory pathway. In two patients receiving oral ami- 
odarone therapy, isoproterenol still shortened the anterograde refractory period of the accessory pathway by 


180 and 60 ms, respectively, indicating that amiodarone cannot prevent this effect of isoproterenol. These data ` 


suggest that beta adrenergic stimulation induced by hypotension or anxiety may shorten the anterograde refrac- 
tory period of the accessory pathway and induce increased ventricular rates during atrial fibrillation in such pa- 
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| LIPID REGULATOR 


2VLAY COME CLOSER 
IO THE GOAL OF 
THERAPY FOR CERLAIN 


DYSLIPIDEMIAS 








EAVORABLY REGUIATES THE BALANCE 
OF LIPID FRACTIONS IN 
CERTAIN DYSLIPIDEMIAS, 


For treatment of adult patients with very high 
serum triglyceride levels (type IV hyperlipidemia) 
who present a risk of pancreatitis and who 
do not respond to diet. 


1/ LOPID LOWERS ELEVATED SERUM LEVELS of THE 
VLDL FRACTION (very-low-density lipoproteins implicated 
in dyslipidemia). 
Studies in humans also show LOPID inhibits peripheral lipolysis and decreases hepatic 
extraction of free fatty acids — thereby reducing hepatic triglyceride production. 
LOPID also inhibits synthesis of VLDL carrier apoproteins, thereby decreasing j 
VLDL production. t i 
2/ LOPID MAYALSO RAISE SERUM LEVELS 
of THE HDL FRACTION (high-density 
lipoproteins believed to transport cholesterol to 
the liver for catabolism and excretion). 
Studies in animals suggest LOPID may also accelerate hepatic 


turnover and removal of cholesterol — thereby increasing 
cholesterol excretion. 
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Artist's 
interpretation 
of HDL in 
bloodstream 


O LARGEST STUDY (Ll.S. MULTICENTER 
STUDY, 427 PATIENTS) DEMONSTRATES 
LIPID-REGULATING PROFILE OF 
LOPID® (gemfibrozil) SEEN IN ALL U.S. 
AND INTERNATIONAL STUDIES' 


Summary of results with LOPID in controlled phase of US Multicenter Study: 
average percent change from baselines at recommended dosage: 1200 mg/day!’ 
+60% 


+40% 


+20% 


Ratio: 
HDL-C 
to Total-C 


—20% 


—40% 





Difference between groups significant: +p<0.01 tp<0.05 
[ST] Type lla N = 54 [35 Type IIb N = 48 [ ] Type IV N = 108 


* Data cited on this graph reflect clinical NE aca based on the multicenter trial. It does not 
imply an indication for types IIa and IIb dyslipidemias. 


o LOPID DID NOT PRODUCE 
SIGNIFICANTABNORMALITIES IN 
CLINICAL AND LABORATORY 
EVALUATIONS' 


No. of Patients Clinically Significant 
Studies Evaluated Abnormalities* 
Hematologic None 
Liver Function None 


Renal Function None 
Lithogenic Potential Limited (1%/year) 
Ophthalmologic None 
ECG None 


* Occasional laboratory deviations have been reported. Appropriate periodic tests are recommended. 





o LOPID OFFERS CONVENIENT 
BID DOSAGE —two 300-mg capsules, taken 30 


minutes before morning and evening meals. 


Please see last page of this advertisement for brief summary of prescribing 
information. Diet, exercise, and weight loss are first choice in therapy of lipid 
disorders. 

Monograph of clinical and laboratory studies available upon request. 


PARKE-DAVIS 


LOPID* (gemfibrozil) Capsules 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


CLINICAL PHARMACOLOGY. LOPID is a lipid regulating agent which lowers elevated 
serum lipids primarily by decreasing serum triglyceride with a variable reduction in total 
serum cholesterol. These decreases occur primarily in the very low density lipoprotein 
(VLDL) fraction and less frequently n the low density lipoprotein (LDL) fraction. In addition, 
LOPID may increase the high density lipoprotein (HDL) cholesterol fraction. an action con- 
sidered of possible benefit to inhibition of the atherosclerotic process. 

The mechanism of action has not been definitively established. In man, LOPID has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty 
acids, thus reducing hepatic triglyceride production. LOPID also inhibits synthesis of VLDL 
carrier ápoprotein, leading to a decrease in VLDL production. 

Animal studies suggest that LOPID may, in addition to elevating HDL cholesterol, reduce 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of cholesterol from the liver. and increase excretion of cholesterol in the feces. 

LOPID is well absorbed from the gastrointestinal tract after oral administration. Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following single 
doses and 1.3 hours following multiple doses. Plasma levels appear proportional to dose 
and do not demonstrate accumulation across time following multiple doses. 

LOPID mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
methyl and a carboxyl metabolite. Approximately seventy percent of the administered 
human dose is excreted in the urine. primarily as unchanged gemfibrozil. Six percent of the 
dose is accounted for in the feces. 

In a large, controlled multicenter trial of 427 patients, lipid and lipoprotein changes from 
average baseline (95) by hyperlipoproteinemic (HL?) type are summarized below for those 
patients receiving gemfibrozil, 1200 mg/day, at the end of 12 weeks. 


TRIGLYCERIDE CHOLESTEROL RATIO: 
HLP Total VLDL LDL HDL HDL Cholestero! 
Type Total Cholestero: 
lla —4496 —4.296 —44.396 -5.8% +24.6% +33% 
IIb —4596 —8.696 —45.096 —6.496 +19.5% +34% 
IV —4096 — 1.896 —40.896 +14 6% +17.4% +23% 


INDICATIONS AND USAGE. Drug therapy should not be used for the routine treatment of 
elevated blood lipids for the prevention of coronary heart disease. Dietary therapy specific 
for the type of hyperlipidemia is the initial treatment of choice. Excess body weight and 
excess alcoholic intake may be important factors in hypertriglyceridemia and should be 
addressed prior to any drug therapy. Physical exercise can be an important ancillary 
measure. 

Contributory diseases such as hypothyroidism or diabetes mellitus should be looked for 
and adequately treated. The use of drugs should be considered only when reasonable 
attempts have been made to obtain satisfactory results with nondrug methods. If the deci- 
sion is to use drugs, the patient should be instructed that this does not reduce the impor- 
tance of adhering to diet. 

Because of chemical, pharmacological, and clinical similarities between gemfibrozil and 
clofibrate, and the adverse findings with clofibrate in two large clinical studies (see Warn- 
ings), use of gemfibrozil should be restricted to the following indications. 

LOPID may be considered for the treatment of adult patients with very high serum triglyc- 
eride levels (type IV hyperlipidemia) who present a risk of abdominal pain and pancreatitis 
and who do not respond adequately to a determined dietary effort to control them. Patients 
with triglyceride levels in excess of 750 mg per deciliter are likely to present such risk. 

LOPID (gemfibrozil) has little effect on elevated cholesterol levels in most subjects. A 
minority of subjects show a more pronounced response. However, it must be understood 
that there is no evidence that use of any lipid-altering drug will be beneficial in preventing 
death from coronary heart disease (See WARNINGS). Therefore, the physician should be 
very selective and confine gemfibrozil treatment to patients with clearly defined risk due to 
severe hypercholesterolemia (eg. individuals with familal hypercholesterolemia starting in 
childhood) who inadequately respond to appropriate diet and more effective cholesterol- 
lowering drugs. 

LOPID is not useful for the hypertriglyceridemia of Type | hyperlipidemia 

The biochemical response to gemfibrozil is variable, and it is not always possible to pre- 
dict from the lipoprotein type or other factors which patients will obtain favorable results. It is 
essential that lipid levels be assessed and that the druc be discontinued after three months 
in any patient in whom lipids do not show significant improvement. 

The effect of drug-induced reduction of serum cholesterol or triglyceride levels or eleva- 
tion of HDL cholesterol levels on morbidity or mortality cue to coronary heart disease has not 
been established. Several years may be required before ongoing long-term investigations 
will resolve this question. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dystunction, including primary biliary 
cirrhosis. 

2. Preexisting gallbladder disease. (See Warnings). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities between 
gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil. In the f rst of those studies, the Coronary Drug Project, 1000 
subjects with previous myocardial infarction were treated for five years with clofibrate. There 
was no difference in mortality between the clofibrate-treated subjects and 3000 placebo- 
treated subjects, but twice as many c ofibrate-treated subjects developed cholelithiasis end 
cholecystitis requiring surgery. In the other study, conducted by the World Health Organiza- 
tion, 5000 subjects without known coronary heart disease were treated with clofibrate for 
five years and followed one year beyond. There was a statistically significant 36% higher 
total mortality in the clofibrate-treated than in a comparable placebo-treated control group. 
The excess mortality was due to noncardiovascular causes, including malignancy. postcho- 
lecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated subjects 
for gallbladder disease was confirmed. 

2. Long-Term Toxicity and Animal Tu morigenicity Studies: Long-term studies have been 
conducted in rats and mice at one and ten times the human dose. The incidence of benign 
liver nodules and liver carcinomas was significantly increased in high dose male rats. The 
incidence of liver carcinomas increased also in low dose males, but this increase was not 
statistically significant (p greater than 0.05). There were no statistically significant differ- 
ences from controls in the incidence of liver tumors in female rats, and in male and female 
mice. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
following LOPID administration to the male rat. Similar changes have not been found in the 


human liver. e m 


Male rats had a dose-related increase of benign Leydig cell tumors. Subcapsular bilateral 
cataractsoccurred in 10%, and unilateral in 6.3% of the high dose males. 

3. Since a reduction of mortality from coronary artery disease has not been demonstrated 
and liver and interstitial cell testicular tumors were increased in male rats, LOPID should be 
administered only to those patients described in the Indications and Usage Section. If a sig- 
nificant serum lipid response is not obtained, LOPID should be discontinued. 

4. Cholelithiasis— LOPID may increase cholesterol excretion into the bile leading to chole- 
lithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID therapy 
should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants — Caution should be exercised when anticoagulants are 
given in conjunction with LOPID. The dosage of the anticoagulant should be reduced to 
maintain the prothrombin time at the desired level to prevent bleecing complications. Fre- 
quent prothrombin determinations are advisable until it has been definitely determined that 
the prothrombin level has stabilized. 

PRECAUTIONS. 1. /nitial Therapy — Before instituting LOPID (gemfibrozil) therapy, every 
attempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and other medical problems such as diabetes mellitus and 
hypothyroidism. 

2. Continued Therapy — Pretreatment laboratory studies should be performed to ensure 
that patients have abnormal levels of serum lipids. Periocic determinations of serum lipids 
should be- obtained during LOPID administration. The drug should be withdrawn after three 
months if the lipid response is inadequate. 

3. Seasonal Variation of Lipid Leveis — LOPID is not expected to alter seasonal variations 
of higher serum lipid values in midwinter and late summer or the lower values in fall and 
spring. 

4. Impawment of Fertility — Administration of approximately three and ten times the human 
dose to male rats for 10 weeks resulted in a dose-related decrease of fertility Subsequent 
studies demonstrated that this effect was reversed after & drug-free period of about eight 
weeks, and it was not transmitted to their offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at doses 
3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. These 
studies have revealed no evidence of impaired fertility in females or harm to the fetus due to 
LOPID. Minor fetotoxicity was manifested by reduced birth rates observed at the high dose 
levels. No significant malformations were found among almost 400 offspring from 36 litters 
of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that LOPID is tumorigenic in 
male rats, the use of LOPID in pregnancy should be reserved for those patients where the 
benefit clearly outweighs the possible nsk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
male rats, a decision should be made whether to discontinue nursing or discontinue the 
drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell decreases 
have been observed in occasional patients following initiation of LOPID therapy. However, 
these levess stabilize during long-term administration. Therefore, periodic blood counts are 
recommended during the first 12 months of LOPID administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally during 
LOPID administration, including elevations of SGOT. SGPT, LDH, and alkaline phosphatase. 
These are usually reversible when LOPID is discontinued Therefore periodic liver function 
studies are recommended and LOPID therapy should be terminated if abnormalities persist. 

9. Cardiac Arrhythmias — Although no clinically significant abnormalities occurred that 
could be attributed to LOPID, the possibility exists that such abnormalities may occur. 

10. Use in Children — Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In controlled clinical trials of 805 patients. including 245 who 
received LOPID for at least one year, the most frequently reported adverse reactions associ- 
ated with LOPID involved the gastrointestinal system. In decreasing order of frequency. 
these were abdominal pain (6.096), epigastic pain (4.996). diarrhea (4 8%), nausea (4.096). 
vomiting (1 696), and flatulence (1.196). Other adverse reactions where the probability of a 
causal relationship to LOPID therapy exists are listed by systern. 

Integumentary: rash, derrnatitis, pruritus, urticaria 

Central Nervous System: headache, dizziness, blurred vision 

Musculoskeletal: painful extremities 

Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is diffi- 
cult to establish, thus the physician should be alert to these occurrences. Reports of viral 
and bactenal infections (common cold, cough, and urinary tract infections) were more com- 
mon in gemfibrozil than in placebo-treated patients. 

Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralcia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, SGPT, 
LDH, CPK „alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg adminis- 
tered in twe divided doses 30 minutes before the morning and evening meal. Some patients 
will experience therapeutic effects on 900 mg/day; a tew may require 1500 mg/day for satis- 
factory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL). THE DOSAGE OF THE 
ANTICOAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PRO- 
THROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY 
DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 
MANAGEMENT OF OVERDOSAGE. While there has been no reported case of overdos- 
age, symptomatic supportive measures should be taken should it occur. 
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tients. Because the electrophysiologic properties of accessory pathways in the Wolff-Parkinson-White syn- 
drome are inconsistent and sympathetic stimulation may possibly have life-threatening consequences if atrial 
fibrillation supervenes, surgical interruption of the accessory pathway may play an increasingly important role 
in the management of patients with the Wolff-Parkinson-White syndrome. 


DIAGNOSTIC SHELF 


185 Sensitivity and Specificity of M Mode Echocardiographic Signs of Mitral Valve Prolapse 


MAGED HAIKAL, MARTIN A. ALPERT, RICHARD B. WHITING, MASOOD AHMAD and DIANA KELLY 


Of the 10 echocardiographic signs previously reported to be diagnostic or suggestive of mitral valve prolapse, 
late systolic posterior motion and holosystolic hammocking of the mitral leaflets were the most common and 
highly specific signs. When these signs were combined as a single criterion, sensitivity was 85 percent and 
specificity was 99 percent. Systolic echoes in the mid left atrium, systolic anterior motion, early diastolic anteri- 
or motion of the posterior mitral leaflet and shaggy or heavy cascading linear diastolic echoes posterior to the 
mitral valve were highly specific but uncommon in this study of 100 subjects with a mobile mid systolic click and 
100 matched normal contro! subjects. Presenting symptoms in the group with mitral valve prolapse included 
chest pain in 51, palpitations in 35 and syncope or presyncope in 18. Twenty-two subjects were asymptom- 
atic. 


191 Detection of Left Ventricular Aneurysm on Two Dimensional Echocardiography 


HANS R. BAUR, JAMES A. DANIEL and RICHARD R. NELSON 


In this prospective study of 26 consecutive patients clinically suspected of left ventricular aneurysm after myo- 
cardial infarction, two dimensional echocardiography proved an accurate noninvasive method to differentiate 
left ventricular aneurysm from diffuse left ventricular dilation in the majority of patients, provided information 
about the resectability of the aneurysm and obviated the need for cineangiography in many cases. The two di- 
mensional study correctly identified 14 of the 17 patients with cineangiographically proved left ventricular aneu- 
rysm and gave pertinent information on the site and extent of the lesion. Mural thrombi were correctly identified 
in all seven patients with this complication. 


CASE REPORTS 


197  Postmyocardial Infarction Angina and Coronary Spasm 


TERRANCE J. MORAN, WILLIAM J. FRENCH, HOWARD F. ABRAMS and J. MICHAEL CRILEY 


Angiographic documentation of ergonovine-induced coronary arterial spasm in three patients with chest pain 
early after myocardial infarction confirms that coronary vasospasm can produce postinfarction angina. Two pa- 
tients not responding to sublingual nitroglycerin required the injection of intracoronary nitroglycerin to reestab- 
lish patency in the affected vessel and to relieve chest pain. These results emphasize the importance of estab- 
lishing the mechanism of a patient's angina in order to prescribe specific therapy and to avoid potentially inap- 
propriate therapy. 


203 Sudden Death in Prinzmetal's Angina With Coronary Spasm Documented by Angiography 


211 
212 


WILLIAM C. ROBERTS, R. CHARLES CURRY, JEFFREY M. ISNER, BRUCE F. WALLER, 
BRUCE M. McMANUS, RENATO MARIANI-CONSTANTINI and ALLAN M. ROSS 


Only one of these three reported patients with Prinzmetal's angina pectoris at rest, documented S-T segment el- 
evation in the electrocardiogram during chest pain, documented spasm of a major epicardial coronary artery dur- 
ing selective angiography and sudden death showed significant fixed coronary narrowing by angiography during 
life. Yet at autopsy all showed considerable fixed luminal narrowing in the major coronary artery with severe 
spasms, indicating the difficulty of identifying underlying fixed narrowing by angiography during life. Several fo- 
cally spastic segments noted at necropsy indicate that spasm in a coronary artery may persist after death. 
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BASIC THERAPY FOR THE 





PREVENTION OF ANGINA PECTORIS 


An up-to-the-minute report 
on antianginal agents currently available... 
and how they are most appropriately employed 





Reports from 
“Step-Care 
Therapy for 
Ischemic Heart 
Disease’ 


A special symposium preced- 
ing the annual meeting of the 
American College of Cardiology, 
April 24, 1982 


Synopsis of the 
Symposium 


Why step-care therapy? 


Agents used in the control of 
myocardial ischemia generally 
act both to reduce myocardial 
oxygen demands and to in- 
crease myocardial oxygen sup- 
ply, but possess the two 
properties in varying degrees. Of 


the agents currently available, the ni- 


trates appear to be best suited for the 
treatment of both these aspects of 
angina pectoris. In fact. both effort 
angina— myocardial ischemia usually 
ascribed to an increased myocardial 
oxygen demand—and angina at 


rest—usually ascribed to an inade- 
quate supply of oxygen—often re- 


spond well to this group of drugs. The 


nitrates are potent vasodilators, exert- 


ing a pronounced effect on venous 


© 1982 ives Laboratories nc. 





circulation (capacitance vessels) as 
well as an effect on arterial circulation 
(resistance vessels). They are believed 
to act on the “nitrate receptors” in 
vascular smooth-muscle walls to trig- 
ger relaxation. 

Because of their versatility, it is ratio- 
nal to rely on the nitrates as the founda- 
tion on which a therapeutic program 
can be built. Other agents can be 
added to the regimen as required, 
always considering the risk/benefit ra- 
tios of additional therapy. 


When should 
nitrates be 
combined with 


beta blockers? 


Of course angina pectoris can- 
not invariably be brought under 
complete control by nitrate ther- 
apy alone. Therefore, as a sec- 
ond step in the antianginal 
program, it is recommended 
that refractory cases be given a 
beta-blocking agent in addition 
to the existing nitrate regimen. 
Actually the pharmacologic 
action of the nitrates is comple- 
mentary to that of the beta 
blockers: the reflex increase in 
heart rate and contractility asso- 
ciated with the former is blocked 
by the latter. 

The beta blockers are deriva- 
tives of the beta-receptor ago- 
nist, isoproterenol. Since their primary 
effect is to reduce the heart rate at rest 
and in response to exercise, these 
drugs, like the nitrates, may be effec- 
tive in cases of increased oxygen de- 
mand. However, the beta blockers 
may prove ineffective—or even — 
deleterious—when coronary vaso- 
constriction has caused a decreased 


oxygen supply. 
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Consensus of the Symposium 
Nitrates are basic in step-care therapy for 


ischemic heart disease 


Step 2 

If not controlled: 
Nitrates + 

beta blockers 


Step 1 


Stable or unstable 
angina: Nitrates 


When should 
9 
nítrates be 
a a 
combined with 
A 
calcium 
a 
antagonists? 

In contrast to the beta blockers, the 
recently introduced calcium antago- 
nists have their greatest effect in cases 
of angina in which the myocardial oxy- 
gen supply is diminished by coronary 
vasospasm. Particularly useful in vari- 
ant angina (Prinzmetal's angina), these 
agents act predominantly to reduce 
blood pressure and myocardial-wall 
tension and, through their negative 
inotropic effect, to reduce myocardial 
contractility. 

Therefore, if the combination of ni- 
trate and beta blocker does not pro- 
vide adequate therapy, it is suggested 
that the beta blocker be dropped from 


the regimen and a calcium antagonist 
substituted. Nitrates and calcium 


Step 3 


If still not controlled 
(or in variant 
angina): Nitrates + 
calcium antagonists 


blockers used concurrently may pro- 
duce a greater antianginal effect than 
either therapy alone can provide. 

For certain patients, the failure of 
any medication to provide optimal 
control of symptoms prompts consid- 
eration of surgical intervention. 


The basic antianginal 
agent in these 
basic dosage forms 


ISORDIL® SUBLINGUAL 
Sublingual Tablets, 2.5 mg, 5 mg, 
and 10 mg 

ISORDIL® CHEWABLE 
Chewable Tablets, 10 mg 
ISORDIL® TITRADOSE*: 

Oral Tablets with E.Z. Split® scoring: 
5 mg, 10 mg, 20 mg, and 30 mg 
ISORDIL® TEMBIDS® Capsules 


Sustained-Release Capsules, 40 mg 


The complete Proceedings of the 3 d 
Symposium are available on ; 
request from Ives Laboratories. 








New York, NY 10017 
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“Indications: Based on a review of this 
drug by the National Academy of 
Sciences — National Research Council 
and/or other information, FDA has 
classified the indications as follows: 


"Probably" effective: When taken by the 
sublingual or chewable route, Isordil 
Sublingual and Chewable Tablets are indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 


"Possibly" effective: When taken by the 
oral route, Isordil is indicated for the relief 
of angina pectoris (pain of coronary artery 
disease). It is not intended to abort the 
acute anginal episode, but is widely 
regarded as useful in the prophylactic 
treatment of angina pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 





Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites 
and nitrates during the early days of the acute 
phase of myocardial infarction (the period 
during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may occur. 
Adverse Reactions: Cutaneous vasodilation 
with flushing. Headache is common and may 
be severe and persistent. Transient episodes 
of dizziness and weakness as well as other 
signs of cerebral ischemia associated with 
postural hypotension may occasionally 
develop. This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. An occa- 
sional individual exhibits marked sensitivity 
to the hypotensive effects of nitrite, and 
severe responses (nausea, vomiting, weak- 
ness, restlessness, pallor, perspiration and 
collapse) can occur even with the usual thera- 
peutic dose. Alcohol may enhance this effect. 
Drug rash and/or exfoliative dermatitis may 
occasionally occur. 


Consult direction circular before prescribing. 


TEMBIDS* TRADEMARK FOR SUSTAINED-RELEASE CAPSULES 
TUS Pal Nos 3883647 and D224591 (Titradose*) 
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: potassium chloride 
slow-release tablets s mEq 


The patients choice! 


Nonchloride 
liquid supplements 
fizzle out 
Citrate/bicarbonate 
or gluconate liquids 
such as K-Lyte® and 
Kaon® elixir may taste 
better than other liquid 


>. 
N 





supplements, but don't a -. 


provide the essential 
KCI. 


— The salt of choice... 
— the patients choice 
Slow-K has an 
unparalleled record of 
patient acceptability 
while also providing the 
preferred salt —KCl— 
to counteract diuretic- 
induced poenae 


chloride loss. * Economical 


A day's therapy 
averages only 25e.! 



















Unique record of 
safety 

No other tablet can 
claim over 7 years’ U.S. 
clinical experience in over 
5 million patients.’ 


When compliance with 
liquid K supplements is 
a problem* 


*Slow-release potassium chloride tablets 


should be reserved for patients who cannot 
tolerate or have compliance problems with 
liquid K preparations. The total number of 

GI lesions in both foreign countries and the 
United States remains less than one per 
100,000 patient-years. 

‘Data on file, CIBA Pharmaceutical Company. 


tAverage cost per day based on Pharmaceuti- 
cal Data Services audit 


Please turn page for brief Prescribing Information. 
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SLOW-K* potassium chloride slow-release tablets _ 
DESCRIPTION | 
Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg 
potassium chloride (equivalent to B mEq) in a wax matrix. This formulation is 
intended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing high localized concentrations of po- 
tassium within the gastrointestinal tract. 
INDICATIONS 
BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPA- 
RATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis. 
2. For prevention of potassium depletion when the dietary intake of po- 
tassium is inadequate in the following conditions: Patients receiving digitalis 
and diuretics for congestive heart failure; hepatic cirrhosis with ascites: 
states of aldosterone excess with normal renal function; potassium-losing 
nephropathy, and certain diarrheal states. 
3. The use of potassium salts in patients receiving diuretics for uncompli- 
cated essential hypertension is often unnecessary when such patients have 
anormal dietary pattern. Serum potassium should be checked periodically, 
however, and, if hypokalemia occurs, dietary supplementation with po- 
tassium-containing foods may 5e adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 
CONTRAINDICATIONS 
In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia 
may complicate any of the following conditions: chronic renal failure, Sys- 
temic acidosis such as diabetic acidosis, acute dehydration, extensive 
tissue breakdown as in severe burns, adrenal insufficiency, or the administra- 
tion of a potassium-sparing diuretic (eg, spironclactone, triamterene). 
Wax-matrix potassium chloride preparations have produced esophageal 
ulceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 
All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through 
the G.I. tract. In these instances, potassium supplementation should be with 
a liquid preparation. 
WARNINGS 
Hyperkalemia: In patients with impaired mechanisms for excreting po- 
tassium, administration of potassium salts can produce hyperkalemia and 
cardiac arrest. This occurs most commonly in patients given potassium 
intravenously but may also occur when given orally. Potentially fatal hyper- 
kalemia can develop edd and be asymptomatic. Use of potassium salts in 
patients with chronic renal disease, or any cther condition which impairs 
potassium excretion, requires particularly careful monitoring of the serum 
potassium concentration and appropriate dosage adjustment. 
Interaction with Potassium-Sparing Diuretics: Hvpokalemia should not be 
treated by the concomitant administration of potassium salts and a po- 
tassium-sparing diuretic (e9, spironolactone or triamterene), since the simul- 
taneous administration of these agents can produce severe hyperkalemia. 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet for- 
mulated to provide a controlled rate of release of potassium chloride and thus 
to minimize the possibility of a high local concentration'of potassium ion near 
the bowel wall. While the reported frequency of small-bowel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient-years) than 
with enteric-coated potassium chloride tablets (40-50 per 100,000 patient- 
ears) cases associated with wax-matrix tablets have been reported both in 
oreign countries and in the United States. In addition, perhaps because the 
wax-matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding associ- 
ated with these products. The total number cf gastrointestinal lesions re- 
mains less than one per 100,000 patient-years. Slow-K should be 
discontinued immediately and the possibility of bowel obstruction or perfora- 
tion considered if severe vomiting, abdominal pain, distention, or gastroin- 
testinal bleeding occurs. 
Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbo- 
nate, potassium citrate, or potassium acetate. 
PRECAUTIONS 
Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia 
in a patient with a clinical history suggesting some cause for potassium de- 
pletion. In interpreting the serum potassium level, the physician should bear 
in mind that acute alkalosis per se can produer hypokalemia in the absence 
of a deficit in total body potassium, while acute acidosis per se can increase 
the serum potassium concentration into the normal range even in the pres- 
ence of a reduced total body potassium. Treatment of potassium depletion, 
particularly in presence of cardiac disease, renal disease, or acidosis, 
requires careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, electrocardiogram, and clinical status of patient. 
ADVERSE REACTIONS 
Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients. Skin 
rash has been reported rarely. 
DOSAGE AND ADMINISTRATION 
Usual dietary intake of potassium by the average adult is 40 to 80 mEq per 
day. Potassium depletion sufficient to cause hypokalemia usually requires 
loss of 200 or more mEq of potassium from the total body store. 
Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia 
to 40-100 mEq per day or more for treatment of potassium depletion. 
Note: Slow-K slow-release tablets must be swallowed whole and never 


crushed or chewed. 
C81-72 (1/25/82) 


. 
Consult complete product literature before prescribing. 128-2293-A 


CIBA Pharmaceutical Compan 
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Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
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REVASCULARIZATION 


MEDICAL AND SURGICAL ADVANCES IN 
CORONARY DISEASE 


The most up-to-date reference 
on the state of the art of 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 
available today. 


Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverace of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 








Myocardial Revascularization 
features the latest on: 


ll Streptokinase - Thrombolysis in AMI 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


ll Percutaneous Transluminal Coronary 
Angioplasty (PTCA) . 
ll New Calcium Blocking Drugs 


lll Cardiac Benefits of Coronary 
Rehabilitation Programs 


IE Coronary Bypass Surgery for Angina, 
Unstable Angina, AMI 
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The Total Information Center. 
A new approach to Non-Invasive Pressure Measuremen 


Narco Scientific’s new oscillometric automatic blood pressure 
monitor provides fast, accurate, comprehensive results. 


RAPID READINGS. Unique continuous cuff deflation and advanced 
algorithm for artifact rejection produce significantly faster 
pressure measurements than step deflation devices. 


FULLY AUTOMATIC. Pre-set intervals from 1 to 99 minutes. Start 
or stop measurements anytime with manual override. Cuff 
inflation pressure automatically adjusts higher or lower, based on 
last systolic measurement, or can be adjusted manually. 


COMPREHENSIVE DATA RECORDING SYSTEM. 
Record systolic, diastolic, mean, pulse rate, time of day and date. 
Also select trending format or oscillometric waveform recording. 


For details and a demonstration of a remarkable new Non-invasive 
Blood Pressure Monitor, call toll free 800-523-5756. 
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Ventricular Activation During Ventricular Endocardial Pacing: 
|. Electrocardiographic Patterns Related to the Site of Pacing 
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The QRS configuration produced by pacing at multiple left ventricular 
endocardial sites was evaluated in eight patients with (group 1) and six 
patients without (group 2) left ventricular wall motion abnormalities. 
Pacing was performed at a total of 122 sites, 4 to 13 sites in each patient. 
The QRS configuration resulting from apical pacing locations was com- 
pared with that at basal, septal to lateral and inferior to superior locations. 
Significant differences in QRS configuration during pacing from apical and 
basal locations were observed in electrocardiographic leads |, V4, V2 and 
Ve (probability [p] <0.01). Specifically, a QS pattern in leads I, V; and Vg 
was more characteristic of an apical pacing location (p <0.001), and a 
monophasic R wave in leads V4 and V2 was more characteristic of a basal 
pacing location (p <0.01). Significant differences in leads V4, and V5 were 
observed when septal and lateral pacing sites were compared (p — 0.001). 
A monophasic R wave in leads V4 and V5 was more characteristic of a 
lateral pacing location (p <0.01); a QS complex in lead V2 was more 
characteristic of a septal pacing location (p <0.001). Pacing at superior 
sites usually produced an inferior axis and vice versa (p 0.001). The 
electrocardiographic patterns produced by pacing at similar sites in pa- 
tients in group 1 were less consistent than those in patients in group 2. 
The QRS complex during ventricular pacing was wider in patients in group 
1 (159 + 30 ms) than in patients in group 2 (132 + 18 ms) (p 
<0.001). 

It is concluded that the QRS configuration recorded with 12 lead 
electrocardiography during endocardial pacing can help locate the region 
of the pacing site in patients with and without organic heart disease, al- 
though precise localization is not possible. 


The QRS configuration of ventricular ectopic beats has been used to 
predict the ventricle of their origin.!-? These predictions are largely based 
on data from animal6-!? and human!!-4 studies that examined the QRS 
configuration during mechanical and electrical stimulation of the heart. 
Early animal studies9-? using one to three surface electrocardiographic 
leads evaluated the QRS configuration during pacing from multiple 
ventricular epicardial sites. The data accumulated in human studies 
include analysis of QRS patterns during pacing of several right ven- 
tricular endocardial sites!?-!^? and a limited number of left ventricular 
endocardial and epicardial sites,!?.15.16& 
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TABLE | 
Summary of Cases 
| Age (yr) Wall Motion Antiarrhythmic Pacing è 
Case & Sex Indication Abnormality Agent Sites 
Group 1 (patients with left ventricular wall motion abnormality) 
1 49M VT Anteroapical* t Quinidine 1, 2, 3, 4, 7, 10 
2 50M SVT, Inferior’, Quinidine 1, 2, 4, 5, 6, 8, 9, 10, 11 
VEA anterior 
3 44M VT Anteroapical* t Quinidine 2, 2-3, 3, 9-11, 10 
4 26F VT Apical Quinidine 1, 2, 2-3, 4, 5, 6, 7, 8, 
9, 10, 11, 12 
5 43M VT Anteroapical* Amiodarone 1, 1-2, 1-7, 2-3, 3, 3-5, 4, 
5—6, 4—6, 7, 10, 11, 12 
6 65F VT Anteroapical', None 1-7, 2, 2-3, 3, 4, 5, 6, 10, 11, 12 
septal! 
7 50M VT Inferior! Amiodarone 3,4,6,9 
8 34F VF Anteroapical None 1, 1-2, 2, 2-3, 3-4, 6, 7, 8. 
9, 10, 11, 1 


9 28F VEA None None 1, 2, 5, 6, 7, 10; 11 

10 23M SVT None Quinidine 1, 2, 3, 4, 5, 6, 7, 8, 9-10, 10, 12 
11 59F NSVT None None 2,90, 7; 10, 11 

12 64M VEA None None 1, 1-2, 2, 3, 6, 7, 8, 9, 10, 11 

13 55M Syncope None None 3-11, 5, 6, 7, 8, 8-10, 10 

14 16M VT None None 2, 3, 3-4, 5, 6, 7, 8, 9, 10, 11 





* Left ventricular aneurysm. ' Q waves in corresponding region in electrocardiogram. 
NSVT = nonsustained ventricular tachycarcia; SVT = supraventricular tachycardia; VEA = ventricular ectopic activity; VF = ventricular fibrillation; 


_ VT = ventricular tachycardia. 


Except for one preliminary report,!ó none of the 
previous studies in animals or human subjects either 
examined the effects of left ventricular endocardial 
pacing on QRS configuration or assessed the influence 
of left ventricular disease on ventricular activation 
during ventricular pacing. Accordingly, we undertook 
this study to determine the electrocardiographic pat- 
terns produced by pacing at multiple left ventricular 
endocardial sites in eight patients with and six patients 
— without left ventricular wall motion abnormalities. 


Methods 


Study patients: Fourteen patients undergoing routine 
electrophysiologic evaluation for a variety of indications un- 
derwent left ventricular endocardial pacing after giving in- 
formed consent (Table I). There were nine men and five 
-. women who ranged in age from 16 to 65 years. Eight patients 
. had significant wall motion abnormalities at cardiac cathe- 
terization (group 1) and six patients had no wall motion ab- 
normality either at cardiae catheterization (one patient) or 
with noninvasive evaluation including two dimensional 
echocardiography and gated nuclear wall motion study (group 
2). Six patients in group 1 and one patient in group 2 were 
_ taking antiarrhythmic medications at the time of study. De- 
. mographic data, cardiac diagnosis, indication for electro- 
. physiologic study, location of wall motion abnormality, anti- 
arrhythmic agent used at the time of study and pacing sites 
are listed in Table I. 

Left ventricular endocardial pacing: After routine 
. electrophysiologic study was performed as previously de- 
. scribed," left ventricular endocardial pacing was instituted. 
A 6 French hexapolar catheter was introduced percutaneously 
into a femoral artery and positioned in multiple left ventric- 
ular sites identical to those used previously for mapping of 
ventricular tachycardia!? (Fig. 1). Gatheter electrode position 


was verified using multiplane fluoroscopy. Bipolar endocardial 
pacing was performed using a 1 cm interelectrode distance, 
a pulse duration of 1 ms and current intensities ranging from 
1 to 10 mA. A ventricular pacing rate of 150/min was used 
unless a slower rate was required because of patient intoler- 
ance or the need to prevent induction of sustained ventricular 
tachycardia. 

Twelve lead electrocardiograms were recorded during en- 
docardial pacing using the output from a single channel 
(Electronics for Medicine VR 16) that allowed lead selection. 
The output from this channel was adapted for recording on 
a standard 12 lead electrocardiogram (Hewlett-Packard modele 





FIGURE 1. Schema of 12 left ventricular endocardial pacing sites. 


1513A) using a 1000 to 1 attenuator. Each lead was recorded 
individually, and the precordial leads were obtained by 
manual positioning using silver-silver chloride adhesive 
eelectrodes positioned at the beginning of the study. Electro- 
cardiograms were recorded on heat-sensitive paper at a speed 
of 25 mm/s and mounted individually for later comparison. 
.. Analysis of data: To facilitate analysis, the left ventricular 

endocardial pacing sites were grouped as follows: apical 1 and 
2: basal 4, 6, 8, 10 and 12; septal 2, 3 and 4; lateral 7, 8, 9 and 
10; superior 11 and 12 and inferior 5 and 6 (Fig. 1). Electro- 
— cardiograms from the patients in groups 1 and 2 (with and 
without wall motion abnormalities, respectively) recorded 
during pacing at apical sites were compared with those re- 
corded during pacing at basal, septal to lateral and superior 
to inferior sites with respect to QRS configuration and elec- 
trical axis. Interpatient differences in QRS configuration 
observed when pacing at similar sites were analyzed within 
each group. Finally, the electrocardiograms from the two 
patient groups were compared with each other to ascertain the 
effects of left ventricular disease on ventricular activation 
during ventricular pacing. Statistical analysis was performed 
using Student's t test for unpaired data and chi-square anal- 
ysis with Yates correction. 


FIGURE 2. Twelve lead electro- 
cardiograms recorded during pacing 
from indicated left ventricular sites 
in Patient 4 from group 1 (with left 
ventricular wall motion abnormali- 
ty). Note the relatively similar QRS 
configuration and axis produced by 
pacing at left ventricular sites 9, 10 
and 11 and also at left ventricular 
sites 6 and 8. Nevertheless, pacing 
at adjacent sites 8 and 10 and at 
adjacent sites 7 and 9 produces 
electrocardiographic patterns with 
significantly different axes and QRS 
configurations. Monophasic R 
waves are present in lead V, and V» 
during pacing from basal sites 6, 8 
and 10 and lateral site 7. Pacing 
from superior site 11 produces an 
inferior axis; pacing from inferior 
sites 6 and 8 produces a superior 
axis. 
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Results 


Electrocardiograms were recorded during endocardial 


pacing at 122 sites in 14 patients (Table I). Pacing was 
performed at 4 to 13 sites in each patient, at 71 sites in 
the eight patients in group 1 and at 51 sites in the six 
patients in group 2. Electrocardiograms recorded during 


pacing from 12 left ventricular endocardial sites ina 


representative patient from group 1 (Patient 14) are 
shown in Figures 2 and 3. Note that pacing at closely 


adjacent sites in the same patient sometimes produced - 


relatively similar QRS configurations (for example, sites 


[ 
E 


i 


1 and 1-2, 2 and 2-3, 6 and 8). However, more disparate — 


QRS configurations were also observed during pacing 
at adjacent sites, especially with respect to electrical 


axis when a superior or inferior shift in pacing location — 


occurred (for example, sites 7 and 9, 8 and 10 in Fig. 3). 
Apical versus basal pacing locations: The electro- 


| 


| 


cardiograms produced by pacing at 28 left ventricular — 


apical locations (sites 1 and 2) were compared with those 


produced by pacing at 46 basal locations (sites 4, 6, 8, 
10 and 12). The most statistically significant differences 
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FIGURE 3. Twelve lead electro- 
cardiograms recorded during pacing 
from indicated left ventricular sites 
in the same patient as in Figure 2. 
Pacing at septal sites 1-2, 2 and 
2-3 produces a QS configuration in 
leads |, Vo and Va. A left bundle 
branch block pattern is seen during 
pacing from left ventricular site 2—3. 
Pacing from site 12 results in an 
electrocardiogram with an inferior 
axis. 





AD M A A in QRS configuration during pacing at apical and basal 


pacing locations were noted in leads I, Və and Vg (p 
<0.001), although lead V; also showed significant dif- 
ferences (p <0.01) (Fig. 4). A QS configuration in lead 


LEAD SITE 


| ° ra 4 A hy 5 " 18 I was observed during pacing at 18 (64 percent) of 28 
8 apical compared with 8 (17 percent) of 46 basal sites (p 

V apical 8° 5” se ian <0.001). Similarly, a monophasie R wave in lead I was 
1 basal 29 2 3 12 0 observed during pacing at only 1 (3 percent) of 28 
‘deter: je P z J 9° apical compared with 13 (28 percent) of 46 basal loca- 
A "à | 3 4 l tions, although this difference was only of borderline 
cum 33 l 6 6 0 statistical significance (p <0.05). A QS configuration 

e apical O" OQ 4° 0 24? was observed in lead V» during pacing at 19 (68 percent) 
V5 basal 10 0 31 0 5 of 28 apical sites compared with 0 of 46 basal sites (p 
ns P= NS <0.001). A monophasic R wave in lead V» was observed 

abi die during pacing at 33 (72 percent) of 46 basal compared 


with only 1 (4 percent) of 28 apical locations (p <0.001). 


FIGURE 4. Frequency of QRS configurations observed in electrocar- Thus, a QS configuration 2d leads I, V2 and Vo ns Inare 
diographic leads |, V4, V2, and Vs during pacing at apical (sites 1 and commonly observed during pacing from apical as op- 
2) compared with that at basal (sites 4, 6, 8, 10 and 12) locations. posed to basal locations, whereas a monophasic R wave 
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FIGURE 5. Representative 12 lead electrocardiograms recorded during endocardial pacing at apical and basal sites as indicated. Note the presence 
of a QS pattern in electrocardiographic leads |, V2 and Vg resulting from pacing at apical sites 1 and 2 and the monophasic R wave in electrocar- 
diographic leads V , and V; resulting from pacing at basal sites 4, 6, 8, 10 and 12. 


in leads I, V; and V2 was more often observed during 
pacing from basal locations. 

Characteristic electrocardiographic tracings ob- 
tained during pacing at apical and basal locations are 
shown in Figure 5. In general, as the site of pacing was 
moved from an apical to a basal location, the R wave 
amplitude in lead I and the precordial leads increased. 
A QS configuration in leads V; and Və was characteristic 
of pacing from an apical location. 


Septal versus lateral pacing locations: The elec-. 


trocardiograms produced by pacing at 39 septal sites 
(areas 2, 3 and 4) were compared with those produced 
by pacing at 39 lateral locations (sites 7, 8, 9 and 10) 
(Fig. 6). The QRS configurations during endocardial 
pacing were significantly different in leads I, V; and Vs 
when comparing septal with lateral (p «0.01 or p 
« 0.001) pacing sites, but those in lead Vg were not sig- 
nificantly different. No individual QRS configuration 
in lead I was helpful in distinguishing a septal from a 


NM Me de 


LEAD SITE 

l septal 1 o T ] o” 3- l 2 
lateral 3 0 21 0 15 
V? septal 1T S fate | T i 
1 lateral 28 0 3 8 0 
V septal: O^ 3". 2^ eer MP 
2 lateral 26 2 4 7 0 
V^ septal 2^ 15:20 pP ee 
6 lateral 3 0 24 0 12 

nsP=NS 

eP<0.01 

oP<0.001 


FIGURE 6. Frequency of QRS configurations observed in electrocar- 
diographic leads |, V4, V2 and Ve during pacing at septal (sites 2, 3 and 
4) compared with that at lateral (sites 7, 8, 9 and 10) locations. 
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| FIGURE 7. Representative 12 lead electrocardiograms recorded during endocardial pacing at septal and lateral sites as indicated. Note the absence 
of a QS pattern in lead V2 during pacing at any lateral site. Fewer distinguishing characteristics were noted between the electrocardiograms produced 
by pacing at septal versus lateral as opposed to apical versus basal locations. 


ELECTRICAL AXIS 


BIS. — 1017 
5 19 
APICAL BASAL 
25. aaa 
10| 1 22 
SEPTAL LATERAL 
Ri s 615 
10 

SUPERIOR INFERIOR 


FIGURE 8. QRS electrical axis shown by quadrant during pacing from 
apical compared with basal, septal compared with lateral and superior 
compared with inferior endocardial sites. Significant differences in 
electrical axis produced by pacing at apical versus basal, septal versus 
lateral and superior versus inferior locations were observed. The most 
significant differences were observed durtng pacing at superior versus 
inferior locations. 
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latera! pacing location. A monophasic R wave in leads 
V; and V5 was observed more frequently when pacing 
from lateral than when pacing from septal locations (p 
<0.001). A QS configuration in lead Vo was observed 
when pacing from 17 (44 percent) of 39 septal locations 
but was not observed during pacing from any lateral 
location (p «0.001). 

Thus, a larger R wave amplitude in leads V4 and V» 
and the absence of a QS configuration in these leads 
was more consistent with pacing from lateral than from 
a septal location. Nevertheless, we found that fewer 
characteristic QRS configurations helped distinguish 
septal from lateral pacing locations as compared with 
apical from basal locations. Representative electro- 
cardiographic patterns during pacing from each of the 
septal and lateral left ventricular locations are shown 
in Figure 7. 

Superior versus inferior pacing locations: Elec- 
trocardiograms produced by pacing at 14 superior lo- 
cations (sites 11 and 12) were compared with those 
produced by pacing at 20 inferior locations (sites 5 and 
6) with respect to electrical axis (Fig. 8). Pacing at 10 of 
14 superior sites produced electrocardiograms with in- 
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ferior axes and pacing at all 20 inferior sites produced 
superior axes (p = 4 X 1075). All four superior sites at 
which a superior axis was produced during pacing were 
in patients with anterior wall motion abnormalities 
during pacing at site 11. Representative electrocardio- 
grams recorded during pacing at superior and inferior 


. Sites are shown in Figure 9. 


The influence of pacing at apical versus basal and 
at septal versus lateral locations on electrical axis were 
also examined (Fig. 8). There were significant differ- 
ences in electrical axis produced by pacing at apical and 
basal locations (p = 0.001). Pacing at apical sites more 
frequently produced an axis in the right superior 
quadrant than did pacing at basal sites. Nevertheless, 
pacing from both apical and basal sites resulted in a 
QRS axis in the inferior right and superior right and left 
quadrants. Similarly, there was a significant difference 
in axis produced by pacing at septal and lateral locations 
(p = 0.002). Pacing at septal sites resulted in QRS axes 


FIGURE 9. Representative 12 lead 
electrocardiograms recorded during 
pacing from superior and inferior sites 
as indicated. Note the inferior QRS axis 
produced during pacing at superior 
sites 11 and 12 and the superior axis 
produced during pacing at superior 
sites 5 and 6. 


in the left superior quadrant more often than did pacing 
at lateral sites, but again, the axes produced by pacing. 
from both sites were quite variable. Pacing at only 1 of 
the 116 left ventricular sites resulted in an electrical axis. 
between 0 and 90°. 

Left bundle branch block pattern during endo- 
cardial pacing: À left bundle branch block configura- 
tion was defined by the presence of a predominantly 
negative QRS deflection in lead V;. Pacing at four left 
ventricular sites in three patients in group 1 and at three 
left ventricular sites in three patients in group 2 resulted 
in left bundle branch block patterns (Fig. 10). All left 
bundle branch block configurations were observed 
during pacing from anterior and mid septal locations 
(sites 2 and 3). 

Group | versus group 2 patients: There were two 
general differences between the QRS configurations 
observed during ventricular pacing in patients in group 
1 (abnormal wall motion) and in group 2 (normal wall 
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motion). First, the QRS complex during pacing was 
considerably wider in group 1 (159 + 30 ms) than in 
group 2 (132 + 18 ms) (p <0.001). The QRS width dur- 
ing normal sinus rhythm was also greater in group 1 
than in group 2 (99 + 22 versus 84 + 5 ms, p = not sig- 
nificant [NS]); however, this difference was exaggerated 
during ventricular pacing. Second, there was a greater 
interpatient variation in QRS configuration resulting 
from pacing at similar sites in group 1 than in group 2. 
For example, of the QRS configurations produced by 
pacing at nine superior sites in patients in group 1, only 
four manifested an inferior axis, whereas pacing at all 
five superior sites in patients in group 2 produced an 
inferior axis. 

Six of the eight patients in group 1 had electrocar- 
diographic Q waves (Table I) in regions corresponding 
to the wall motion abnormality. There were too few 
patients without Q waves to determine whether wall 


GROUP 1 





motion abnormality alone significantly altered the QRS 
complex during pacing. 


Discussion e 


Predicting the site of origin of ventricular ec- 
topic beats and ventricular tachycardia: Prior ani- 
mal9-!? and human!!-* studies attempting to analyze 
the effects of ventricular pacing on QRS configuration 
were limited by one or more of the following factors: (1) 
recording of only one to three electrocardiographic 
leads, (2) pacing at relatively few sites, (3) imprecise 
localization of stimulation site, and (4) failure to con- | 
sider the effects of cardiac disease on ventricular acti- 
vation. These animal and human data in association 
with indirect data including QRS configuration asso- 
ciated with bundle branch block and QRS configuration 
in patients with the Wolff-Parkinson-White syndrome 
have been used to predict the site of origin of ventricular 


GROUP 2 


2 aVR ovl aVF 


FIGURE 10. Twelve lead electrocardiográms with,a left bundle branch block configuration recorded in patients in groups 1 and 2 during endocardial 
pacing from septal sites 2 and 3. 
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ectopic beats based on the QRS pattern.” It has gen- 
erally been accepted that ventricular ectopic beats 
originating in the left ventricle have a right bundle 
ebranch block configuration and vice versa.!~° 
Recent studies from our laboratory in patients with 
sustained ventricular tachycardia indicated that bundle 
branch block pattern alone is not useful to localize the 
tachycardia to the correct ventricle.!? In many patients 
the 12 lead electrocardiographic pattern does not ac- 
.curately indicate the site of origin of ventricular 
tachycardia.29?! The surface electrocardiographic 
pattern of activation correlates with epicardial break- 
through and subsequent ventricular activation, neither 
of which is necessarily related to the area of origin.!? In 
fact, ventricular tachycardia in patients with chronic 
ischemic heart disease appears to originate in the sub- 
endocardial regions of the left ventricle.?^?? These 
findings may explain the relatively poor correlation 
between the surface electrocardiograms and the endo- 
cardial area of origin of ventricular tachycardia. 
Conventional electrocardiographic lead patterns 
correlated with site of pacing: To assess whether 
characteristic electrocardiographic patterns could be 
produced by pacing specific areas of the left ventricle, 
we recorded 12 lead electrocardiograms during pacing 
from multiple left ventricular endocardial sites. Our 


data reveal that certain generalizations can be made 


concerning the correlation of QRS configuration with 
the site of pacing. Pacing from basal sites produced a 
larger R wave amplitude in limb lead I and the precor- 
dial leads than did pacing from apical sites. In contrast, 
a QS pattern in lead Vo was observed during pacing from 
19 (68 percent) of 28 apical sites but was not seen during 
pacing from any basal site. The QRS configuration in 
leads V4 and Və was most helpful to distinguish pacing 
septal from lateral sites. Pacing at lateral sites more 
often produced a monophasic R wave in leads V; and 
Və; a QS complex was never observed in these leads 
during pacing from lateral sites. 

The electrical axis predicted superior versus inferior 
pacing location except in four paced sites in patients 
with anterolateral wall motion abnormalities. These 
discrepancies in QRS axis may relate to abnormal in- 
traventricular conduction during left ventricular pacing 
in patients with myocardial disease. These abnormali- 
ties in intraventricular conduction may also in part 
explain the wider QRS configuration during ventricular 
pacing observed in patients in group 1. However, we 
cannot discount the role of antiarrhythmic agents be- 
cause six of eight patients in group 1 compared with only 
one of six patients in group 2 were taking antiarrhyth- 
mic medications at the time of study. These agents may 


slow intraventricular conduction and result in a broader . 


QRS complex during normal sinus rhythm that is ex- 
aggerated by ventricular pacing. 

Left bundle branch block during pacing from 
septal site: Several patients with and without organic 
heart disease demonstrated a left bundle branch block 
pattern during pacing from septal sites. The most likely 
explanation is preferential transeptal conduction to the 
right ventricular surface before left ventricular activa- 
tion. A similar situation has been described for ven- 
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tricular tachycardia with a left bundle branch block 

arising in the left ventricle.?*?5 Most episodes of ven- 

tricular tachycardia with a left buridle branch block 
pattern similarly have originated in the area of the left 

ventricular septum. 

Although difficult to quantitate, there appeared to 
be more interpatient variation when pacing at similar 
sites in group 1 than in group 2. This probably related 
to intraventricular conduction abnormalities associated 
with myocardial disease. 

Limitations: Our data suggest that the surface 
electrocardiogram can regionalize the area of left ven- 
tricular pacing in many instances, although precise lo- 
calization is not possible. Some of the failure to localize 
accurately the site of endocardial pacing may be due to 
an inability to localize precisely the left ventricular 
catheter especially in patients with altered left ven- 
tricular geometry due to organic heart disease. 

'The accuracy of preoperative catheter endocardial 
mapping in localizing the origin of ventricular tachy- 
cardia in patients with a similar degree of organic heart 
disease has been validated by comparison with intra- 
operative mapping.!? Similar techniques of catheter 
localization were used in our study. Nevertheless, the 
ability to localize a catheter in the left ventricle is lim- 
ited to an area of several square centimeters. Because 
small changes in catheter localization can make signif- 
icant changes in the QRS configuration during pacing 
(Fig. 2 and 3), more precise catheter localization may 
have resulted in better reproducibility among patients. 
However, more accurate localization in human subjects 
is probably not possible given currently available 
techniques. 

Relatively few patients were studied and not all 
patients had pacing performed at every site. Further- 
more, pacing locations were arbitrarily divided for 
analysis into apical, basal, septal, lateral, superior and 
inferior locations. Overlap between apical and septal 
(site 2), septal and basal (site 4), superior and basal (site 
12), inferior and basal (site 6) and basal and lateral (sites 
8 and 10) sites may explain some of the lack of precision 
in localization. Pacing at more sites in more patients 
with and without wall motion abnormalities may have 
allowed comparison of individual sites and uncovered 
more characteristic patterns of ventricular activation 
during pacing. 

Implications: The QRS configuration recorded with 
12 lead electrocardiography during endocardial pacing 
can help to regionalize the pacing sites in patients with 
and without organic heart disease. These data in con- 
junction with earlier data correlating the 12 lead elec- 
trocardiographic QRS configuration of ventricular 
tachycardia with the endocardial area of origin suggest 
that electrocardiographic patterns may help to locate 
the region of origin of ventricular tachycardia although 
precise localization is not possible. 
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Intraoperative pace-mapping has been proposed as a method of identifying 
the origin of ventricular tachycardia; however, both epicardial activation - 
and electrocardiographic configuration have limitations in localizing the 
origin of ventricular tachycardia. Because most ventricular tachycardias 
associated with ischemic heart disease appear to arise near the endo- 
cardium, this study evaluated the ability of bipolar catheter endocardial 
pacing at or near the endocardial site of origin of spontaneous ventricular 
tachycardia to mimic the QRS configuration of the spontaneous tachy- - 
cardia. Twelve patients were studied who had ventricular tachycardia 
whose origin was determined with catheter endocardial mapping. Three 
patients had ventricular tachycardia with two distinct configurations. The 
electrocardiogram of ventricular tachycardia was compared with the 
electrocardiogram produced by pacing at the site of origin (10 patients) - 
and at multiple (two to nine) additional sites in 8 patients. It was observed - 
that (1) pacing at the known site of origin of ventricular tachycardia 
produced an electrocardiogram and activation sequence similar to those 
produced by the ventricular tachycardia; (2) pacing at sites in close 
proximity to the site of origin of ventricular tachycardia produced either 
a similar or a grossly different electrocardiographic pattern from that 
during ventricular tachycardia. 

It is concluded that catheter endocardial pace-mapping (1) is a cor- 
roborative method of identifying the origin of ventricular tachycardia; (2) 
may be useful in patients with noninducible ventricular tachycardia or 
rapid ventricular tachycardia who cannot undergo catheter or intraop- 
erative mapping; and (3) is neither easier, more accurate nor quicker than 
direct localization by mapping during ventricular tachycardia. 


Intraoperative pace-mapping has been proposed as a method to identify 
the origin of ventricular tachycardia.'? However, limitations of both 
epicardial activation and electrocardiographic configuration in localizing 
this origin have been demonstrated. Activation studies during ventricular 
tachycardia in both experimental animals and human beings have 
demonstrated that (1) epicardial breakthrough during ventricular 
tachycardia does not necessarily correlate with the site of origin of the 
tachycardia, which may be several centimeters away, and (2) the elec- 
trocardiographic pattern of ventricular tachycardia is not specific for 
the site of origin and merely represents a pattern of activation of the 
entire ventricle.?-? Because ventricular tachycardia associated with 
chronic ischemic heart disease appears to arise near the endocardium, 
we evaluated (1) the ability of catheter endocardial pacing at or near the 
endocardial site of origin as determined with catheter mapping to rep- 
licate the QRS configuration of induced or spontaneous ventricular 
tachycardia, and (2) the specificity of pacing-induced electrocardio- 
graphic patterns similar to those of spontaneous ventricular tachycardia 
as a method of localizing the site of earliest activity during ventricular 
tachycardia. 
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TABLE | 


Summary of Cases 
IRE I M Re 1EY mr EE PEE e Pa MM LOREM IDA GE TR Me Pe ONT Oh BRL Cer Ia C ets ME RES 


Ventricular Tachycardia 

Age aE AR eT NICE at DES CLR POUR RECTE i7 ae nL rms) UO e 

(yr) Cycle Site of 

Case & Sex Diagnosis ECG Configuration Length (ms) Origin 
1 66M CAD IMI RBBB, sup axis 400 6 
2 45M CAD ASMI RBBB, sup axis; 360 2 
LBBB, inf axis 400 3 
3 57M CAD AMI RBBB, sup axis 425 7 
4 68M CAD ASMI RBBB, left axis 440 7 
5 69M CAD IMI LBBB, left axis; 390 4 
LBBB, normal axis 400 4 

6 49M CAD ASMI, LAH RBBB, left axis 440 3-4 
7 62F CAD ASMI, IMI RBBB, sup axis 360 6 
8 57M CAD AMI RBBB, inf axis 370 9 
9 34M RV dysplasia Normal LBBB, left axis 260 18 
10 26F Aneurysm with NS-ST-T LBBB, inf axis 290 1-2 
normal coronary 
arteries 

11 56F CAD ASMI, RBBB RBBB, left axis 330 2 
12 65F CAD AMI RBBB, sup axis; 310 7 
LBBB, left axis 320 2 


AMI — anterior myocardial infarction; ASMI — anteroseptal myocardial infarction; CAD — coronary artery disease: IMI — inferior myocardial 
infarction; inf = inferior; LAH = left anterior hemiblock; LBBB = left bundle branch block; NS-ST-T = nonspecific ST-T wave abnormalities; RBBB 


— right bundle branch block; RV — right ventricular; sup — superior. 


Methods 


Study patients: Twelve patients referred to the clinical 
electrophysiology laboratory for recurrent sustained ven- 
tricular tachycardia underwent catheter endocardial mapping 
after giving informed written consent. Each patient had had 
at least three episodes of sustained ventricular tachycardia 
whose termination required multiple cardioversions and rapid 
pacing or rapid infusion of antiarrhythmic agents, or both. 
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Empiric antiarrhythmic therapy had failed to prevent re- 
currences in each case. 

The patient group (Table I) included 12 randomly selected 
subjects, 8 men and 4 women with recurrent sustained ven- 
tricular tachycardia who ranged in age from 26 to 69 years. 
Ten patients had coronary artery disease with prior myocar- 
dial infarction and a ventricular aneurysm documented with 
cardiac catheterization or nuclear angiographic studies, or 
both. Of the remaining two patients, one was a 34 year old man 


FIGURE 1. Schema of ventricular mapping sites. 
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with arrhythmogenic right ventricular dysplasia documented Results 
on right ventriculography, nuclear angiography and echo- 


cardiography; the other was a 26 year old woman who had a In all patients the origin of ventricular tachycardia 


eprior myocardial infarction (documented with classic serum was determined before pace-mapping was begun. Five 
enzyme increase) complicated by aneurysm formation but patients received antiarrhythmic agents during both 
with normal coronary arteries at cardiac catheterization. procedures. 

Catheter endocardial mapping during induced ven- Catheter endocardial mapping of ventricular 
tricular tachycardia: All patients underwent electrophys- tachycardia: Fifteen morphologically distinct ven- 
iologic evaluation for ventricular tachycardia as previously tricular tachycardias were mapped (Table I, Fig. 2). 


described by our laboratory.? Induction of ventricular Nine had a right bundle branch block configuration and 
tachycardia was accomplished in all cases using single, double six a left bundle branch block configuration. In two - 
or multiple ventricular extrastimuli during sinus rhythm or patients (Cases 2 and 12), ventricular tachycardia with 


ventricular pacing, or both. In all instances, ventricular : 
tachycardias observed clinically were induced in the labora- both a right and a left bundle branch block pattern was 


tory. In five patients (Cases 4, 7, 9, 10 and 11), the tachycardias mapped. In another (Case 5), mapping revealed ven- 


were associated with hemodynamic compromise and antiar- tricular tachycardias with a left bundle branch block 
rhythmic therapy was instituted to slow the rate of the pattern associated with (1) marked left axis deviation 
tachycardia to assure sufficient hemodynamic stability to (—75°) and (2) a normal axis (4-309). One patient (Case 
permit catheter mapping. In each instance, the area of origin 12) had two apparent areas of origin of ventricular 
of the ventricular tachycardia was determined with catheter tachycardia (low septum and inferolateral apical aspect — 
endocardial mapping, as previously described.*^ Typically, of a ventricular aneurysm). All ventricular tachycardias | 


during ventricular tachycardia, catheter mapping was ac- 
complished by recording bipolar electrograms (1 cm intere- 
lectrode distance) from 12 left and 6 right ventricular prede- 
termined sites (Fig. 1). When aneurysms were present, addi- 


in patients with coronary artery disease originated from - 
the left ventricle. The tachycardia in the patient with 
arrhythmogenic right ventricular dysplasia arose at site 


tional sites were mapped to delineate more carefully the ear- 18 on the anterior right ventricular free wall. In the 26 — 
liest activity. Activation times were taken as the point at which year old woman with an apical aneurysm and normal 
the first rapid deflection crossed the baseline or at which coronary arteries, the tachycardia arose at the left 


presystolic activity was observed. In all patients with coronary 
artery disease, endocardial activity could be recorded before 
the onset of the QRS complex. The site of origin of tachycardia 
determined with catheter mapping was corroborated with 


intraoperative mapping in seven of the patients who had Oe OO 


medically refractory arrhythmias. The site of origin was de- 


fined as the area from which the earliest electrogram was re- avr VOTE TT Neto mS O 
corded. 
Endocardial pace-mapping: Endocardial pace-mapping V mu NS J Nei sac a E J ee 


was accomplished using bipolar stimulation (1 cm interelec- 
trode distance). In all patients pacing was performed at the 2 v eden, ETE UA NATH. cue as 
site of earliest endocardial activation recorded by catheter 
mapping. In eight patients pacing was also performed at other 
adjacent and distant sites. If antiarrhythmic therapy was re- 


quired to accomplish catheter mapping, the same antiar- 4 | | l | 

rhythmic agents were utilized during pace-mapping. In 10 uc. Qu UNDIS MAY ECC 
patients 12 lead electrocardiograms were obtained and were 

compared with the 12 lead electrocardiogram of the sponta- 5 SO th TP “| 


neous or induced ventricular tachycardia. 


Surface electrocardiogram during pace-mapping and 6 —\—__—__ \ fe ee 


tachycardia: The 12 lead electrocardiogram was obtained 
using the output from a single Electronics for Medicine 
channel that allowed for lead selection. The V leads were ob- SON \ te — ——— 
tained by manual positioning of the precordial electrode. In 


two patients we were able to record only three simultaneous 9 — hp | S 


surface leads during pace-mapping—leads I, II or aVF, and 


lead V, (that is, a modified X Y Z system). In addition to 11 my, ay, UT ) 
comparing these three leads with the 12 lead electrocardio- 
gram during spontaneous ventricular tachycardia, we com- 
pared the activation time from the electrogram of earliest 12 mica |-$—$$_p_ —__\___ 
endocardial activity during the tachycardia with that of a right 


ventricular reference electrogram during both pacing and the 14 man | Becas GEACA d Pann” cx ad eran 


spontaneous arrhythmia. In each patient, we attempted to 


pace the ventricle at a rate similar to that of the spontaneous T dai aa a EEEN I ETRE RENE 
or induced tachycardia. However, in several instances, pacing FIGURE 2. Case 11. Catheter map of ventricular tachycardia with a 


at a slower Re was E ed, prae grs at ds m. pattern of right bundle branch block and left axis deviation. Surface leads 
proximating the ventricular tachycardia often initiated the |, aVF and V4 are displayed with multiple left ventricular electrograms 


arrhythmia. All data were recorded on a multichannel oscil- (sites 2 to 12) and the reference electrogram from the right ventricular 
loscope (Electronics for Medicine VR16) and stored on mag- apex (site 14). The garliest activity is recorded at site 2 and precedes 
netic tape (Honeywell 5600). the onset of the QRS complex. T = time lines. 
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FIGURE 4. Case 8. The electrocardiographic leads during ventricular 
tachycardia are compared with those recorded during pacing at the area 
from which earliest activity was recorded curing the tachycardia (site 
9, anterolateral left ventricle). Note that the electrocardiogram produced 
by pacing is nearly identical to that of the-tachyca[dia. Only minor dif- 
ferences are noted in the amplitude of R waves in the inferior leads. 
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FIGURE 3. Case 11. Pacing at the 
site of earliest activity recorded 
during ventricular tachycardia (site 
2, stippled area) produces a con- 
figuration nearly identical to that of 
the spontaneous tachycardia. Only 
subtle minimal differences of initial 
r waves in leads Il, Ill and V4 to Vg 
are observed. 


ventricular septal border of the aneurysm. In all pa- 
tients with ventricular tachycardia associated with 
coronary artery disease, the earliest endocardial activity 
recorded preceded the onset of the QRS complex by 10 
to 50 ms. 

Endocardial pace-mapping: In all patients pacing 
at the area of earliest recorded activity was accom- 
plished. In eight patients, pacing was performed at two 
to nine additional sites. Pacing was accomplished at a 
total of 46 endocardial sites. Because the current re- 
quired for capture at the different sites varied, stimu- 
lation was carried out with currents ranging from 0.4 to 
10 mA. Despite the use of bipolar stimulation, the use 
of high currents resulted in pacing artifacts that slightly 
distorted the onset of the QRS complex in some 
leads. | 

Pacing from the area of earliest activity usually 
produced a QRS pattern similar to that of the spon- 
taneous or induced ventricular tachycardia (Fig. 3 to 
6). Because pace-mapping was performed after catheter 
endocardial mapping of ventricular tachycardia (on the 
same or different days), care was taken to assure that 
the catheter was positioned at the same site from which 
the earliest activity during ventricular tachycardia was 
recorded. In each case, the same investigator who per- 
formed the catheter endocardial mapping during ven- 
tricular tachycardia performed pace-mapping. Although 
pacing at the area of earliest activity often reproduced 
the QRS complex of spontaneous or induced ventricular 
tachycardia, pacing at closely adjacent areas (approxi- 
mately 2 to 3 cm apart) could produce either similar or 
grossly disparate QRS patterns (Fig. 7 and 8). The 
production of grossly disparate configurations from 
closely adjacent areas was particularly noted with 
tachycardias originating on the ventricular septum, 
where slight shifts in catheter position could change a 
paced QRS configuration from a pattern of right bundle 
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FIGURE 5. Case 1. Comparison of QRS configuration during pacing and ventricular tachycardia originating from site 6. The QRS pattern during 
spontaneous ventricular tachycardia (top) is closely mimicked by pacing at the area of origin (site 6, stippled area on schema of the heart). 


branch block to one of left bundle branch block. More 
specifically, in all patients with tachycardias with a left 
bundle branch block pattern, pacing at adjacent sites 
could produce a right bundle branch block pattern. 

In the patients with two patterns of ventricular 
tachycardia, pacing was able to replicate both patterns 
(Fig. 9to 11). In two patients the tachycardia came from 
the same or adjacent sites, and in one patient the sites 
of earliest activity were separate. In two patients only 
three simultaneous electrocardiographic leads were 
recorded during pacing (I, aVF and V;). These were 
compared with similar leads during the tachycardia. In 
these patients conduction time to a right ventricular 
reference from the site of earliest recorded activity 
during the tachycardia was compared with the con- 
duction time during pacing at that site. In both cases the 
QRS configurations and conduction times were similar 
(Fig. 12). 

Even though the area of origin of ventricular 
tachycardia was known, more than 30 minutes was 
required before a paced QRS complex similar to that 
of the spontaneous or induced ventricular tachycardia 
was obtained. In many instances, an hour was required. 
This was significantly longer than the time required to 
map the ventricular tachycardia in most patients. In 
only two patients with unstable ventricular tachycardia 
(that is, requiring termination or reinitiation, or both) 
was the time requirement to accomplish pace-mapping 
comparable with that of catheter mapping during ven- 
tricular tachycardia. 
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FIGURE 6. Case 9. Comparison of QRS configuration during ventricular 
tachycardia and during pacing at the site of origin in a patient with ar- 
rhythmogenic right ventricular dysplasia. The tachycardia had a left | 
bundle left axis configuration. Pacing at site 18, from which the earliest 
activity during ventricular tachycardia was recorded, produces a similar 
QRS configuration, although the voltage of the QRS complex is slightly 
different, particularly in the standard leads. 
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Discussion 


Recent studies?-1? using programmed ventricular 
stimulation have suggested that recurrent ventricular 
tachycardia associated with chronic coronary artery 
disease is due to reentry. With such stimulation, ven- 
tricular tachycardia identical to that occurring spon- 
taneously can be reproducibly initiated in approxi- 
mately 90 percent of patients clinically manifesting this 
arrhythmia. The technique of catheter endocardial 
mapping was developed in our laboratory4?! to gain 
understanding of the mechanism of ventricular tachy- 
cardia as well as to localize its origin in preparation for 
surgery. In 75 patients with ventricular tachycardia 
associated with coronary artery disease analyzed with 
catheter endocardial mapping, presystolic (and occa- 
sionally continuous) activity was recorded in nearly all 
cases. Stimulation during the tachycardia demonstrated 


SPONTANEOUS 





FIGURE 7. Case 6. Comparison of the electrocardiograms produced b 
those obtained by pacing at other ventricular sites. The electrocardio 


capture of large areas of the ventricle with persistence 
of the arrhythmia. These data were consistent with the 
reentrant nature of ventricular tachycardia associated 
with coronary artery disease and suggest that the 
reentrant circuit is relatively small and is near or in- 
volves the endocardium, or both. Furthermore, in the 
majority of patients with several morphologically dis- 
tinct tachycardias, the earliest endocardial activation 
was recorded at the same or adjacent sites, suggesting 
that the morphologic changes were due to shifts in the 
reentrant circuit or point of exit from that circuit, or 
both.*618 

Intraoperative endocardial versus epicardial 
mapping: Catheter endocardial mapping has been 
validated with intraoperative studies in patients 
undergoing surgery for treatment of arrhythmia.® In- 
traoperative epicardial and endocardial mapping have 
demonstrated that the earliest activity is recorded from 





y pacing at the site of earliest activity during ventricular tachycardia with 
gram of spontaneous ventricular tachycardia is on the left and configurations 


during pacing at the area of origin (stippled area in schema of the heart) and other sites are shown. Although pacing at the area of origin produces 
a nearly identical QRS configuration as that of the spontaneous tachycardia, pacing at a closely adjacent site (middle panel on right) also produces 
a similar configuration. Pacing at a septal site closer to the apex results in a very different pattern (lower right panel). 
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the endocardium in the area predicted by catheter en- 
docardial mapping. Moreover, epicardial mapping is 
frequently misleading, because epicardial breakthrough 


* could occur several centimeters distant from the area 


of earliest recorded activity on the endocardium,? This 
is especially true for ventricular tachycardias of septal 
origin. In particular, in more than 90 percent of ven- 
tricular tachycardias manifesting a left bundle branch 
block configuration, epicardial breakthrough was on the 
right ventricle, whereas the earliest recorded activity 
was from the left ventricular endocardium, usually on 
the septum. In addition, epicardial breakthrough always 
occurred after the onset of endocardial activation (range 
14 to 85 ms) and in all but one instance occurred after 
the onset of the QRS complex.® Thus, on the basis of 
intraoperative mapping data, the QRS configuration of 
ventricular tachycardia correlates more closely with 
epicardial activation and subsequent ventricular acti- 
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FIGURE 8. Case 12. Comparison of electrocardiogram produced by p 
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vation than with the site of origin. Surgery involving - 
endocardial resection based on the results of such en- - 
docardial mapping has been successful in ablating 
ventricular tachycardia.!4 Thus, direct localization of 
the origin of tachycardia can be accomplished in the 
catheterization laboratory or operating room, or both, 
with mapping techniques. 

Intraoperative pace-mapping for localizing or- 
igin of ventricular tachycardia: Because mapping 
ventricular tachycardia either before or during surgery 
requires complex electrophysiologic recording devices, 
ability to initiate reproducibly a stable ventricular 
tachycardia as well as an experienced catheterizer for 
the preoperative study, the indirect technique of 
pace-mapping has been suggested as an alternative 
method for localizing the origin of ventricular tachy- 
cardia.!:2 This technique was suggested from data from 
canine models of ventricular arrhythmias secondary to 
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acing at site of origin of ventricular tachycardia (left) with those produced 


by pacing at adjacent sites (right). Pacing at the area of origin (stippled area in schema) produces a QRS configuration very similar to that of ventricular 
tachycardia (lower right panel). Pacing at adjacent sites could produce similar (middle right panel) or grossly different (top right panel) electrocar- 
diographic patterns. Pacing at all three left ventricular sites resulted in a left bundle branch block type of pattern. 
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digitalis intoxication or ischemia, or both, that dem- 
onstrated that pacing at the area of origin of the 
tachycardia could replicate the pattern of tachycar- 
dia.?15.6 This technique involves stimulation of the 
heart at the time of surgery from various preselected 
sites until stimulation at a particular site produces a 


IGURE 9. Case 2. Catheter map of two morphologically distinct tachycardias from adjacent sites along the septal border of a large apical aneurysm. 
atheter maps of ventricular tachycardias with a pattern of right bundle branch block and superior axis (left) and a pattern of left bundle branch 
ock and inferior axis (right) are shown. Electrocardiographic leads |, aVF and V4 and a reference electrogram from the high right ventricular (RV) 
»ptum (sep) are displayed with recordings from multiple left ventricular (LV) sites during each tachycardia. The earliest activity of the tachycardia 


ith a right bundle branch block pattern is recorded at site 2; the earliest activity during the tachycardia with a left bundle branch block pattern is 
'corded at the high septum at adjacent sites. 
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QRS configuration identical to that seen in the naturally 
occurring tachycardia. The assumption made is that the 
site from which the electrocardiogram of the sponta- 
neous or induced ventricular tachycardia can be repli- 
cated identifies the site of origin of that tachycardia, and 
that destruction of that site will ablate the arrhythmia. 





The number of epicardial and endocardial sites stimu- 
lated in each patient was not stated nor were differences 
in anatomy controlled for; therefore, more work is re- 
quired to validate this technique. Theoretical advan- 
tages of pace-mapping are that (1) the tachycardia does 
not have to be induced at surgery, a difficulty experi- 
enced in many centers, and (2) less cardiopulmonary 
bypass time is utilized. 

Limitations of pace-mapping: There are several 
limitations to the concept of pace-mapping. 

1. The electrocardiogram clone is not specific for the 
site of origin of tachycardias. We have been able to 
analyze 41 morphologically distinct ventricular tachy- 
cardias whose site of earliest activity was established 
with catheter or intraoperative mapping, or both.”° We 
observed that both right and left bundle branch block 
configurations could occur from the same site and that, 
at best, the QRS configuration could regionalize the 
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FIGURE 10. Case 2. Comparison of the electrocardiographic configuration produced 
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tachycardia to an anterior or basal part of the ventricle. 
We also have data analyzing the results of pacing at. 
multiple left ventricular sites in patients with a normal 
heart and those with prior infarction.!’ From these data 
one can judge inferior from superior and basal from 
apical sites. In the presence of organic heart disease 
septal and lateral-apical sites could not be distin- 
guished. Furthermore, patterns of left bundle branch. 
block could be produced by septal pacing in patients 
with or without organic heart disease. However, it ap- 
peared that such patterns could be produced in more 
patients and from more sites in patients with infarction 
involving the septum. In both normal patients and those. 
with heart disease, pacing at adjacent sites could result 
in changing the QRS configuration from a pattern of left 
to one of right bundle branch block. Conversely, similar. 
electrocardiographic configurations can arise from 
pacing at different sites. Although pacing and recording 
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tachycardia with a pattern of right bundle branch block and superior axis (left). The area of earliest recorded activity (site 2) is shown by the stipplet 
area in schema. Pacing at this area of earliest recorded activity produces a configuration nearly identical to that of the spontaneous tachycardia 
However, pacing at adjacent sites could produce a very similar (middle panel) or grossly different configuration. 
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data from catheter mapping reflect areas of perhaps 1 
to 2 cm, the occurrence of similar patterns of tachy- 
cardia from areas 5 or more cm apart as detected with 
more discrete intraoperative mapping suggests the lack 
of precision of the 12 lead electrocardiogram in identi- 
fying the area of origin. 

. 2. The 12 lead electrocardiogram of ventricular 
tachycardia recorded preoperatively cannot be com- 
pared with an intraoperative electrocardiogram be- 
cause the same 12 leads cannot be recorded. Moreover, 
once the chest is opened, the electrocardiogram fre- 
quently changes, and further changes occur when the 
heart is moved to visualize and pace from various sites. 
Even greater changes occur after ventriculotomy or 
aneurysmectomy. Such changes in the electrocardio- 
zram can be quite marked without any changes in ven- 
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tricular activation as determined by the timing of two 
intramural reference electrograms. 

3. The QRS configuration of ventricular tachycardia 
relates most closely with epicardial breakthrough and 
a subsequent pattern of ventricular activation, whereas 
the ventricular tachycardia may originate from sub- 
endocardial regions several centimeters away. 356 This 
is particularly true if the tachycardia arises from the 
interventricular septum. Moreover, the ventricular 
tachycardia is most likely due to reentry through an 
anatomic substrate with probable dimensions of several 
square centimeters. Although the anatomic substrate 
is fixed, the pathways for the circulating impulse within 
that substrate are also determined by functional char- 
acteristics (conduction velocity and refractoriness). 
Thus, the electrocardiographic configuration of the 








GURE 11. Case 2. Comparison of electrocardiographic configurations, produced by pacing (right) and that during spontaneous ventricular tachycardia 
ith a pattern of left bundle branch block and inferior axis (left). Pacing at the area of earliest recorded activity (stippled area) produces an elec- 
»cardiographic pattern very similar to that of the spontaneous tachycardia (upper right). Pacing at a closely adjacent site (middle panel) results 
a right bundle branch block pattern. Pacing at a site on the low septum produces a pattern of left bundle branch block and superior axis (lower 
Jht). Note that this latter site is very close to the Site of earliest activity of the right bundle branch pattern (see Fig. 10). 
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tachycardia can change either slightly or greatly by 
shifts in pathways within the area of reentry or by shifts 
in the site of exiting wavefronts from the reentrant 

* circuit. Therefore, stimulation at the limb of the circuit 
from which the wavefront exits, or at sites adjacent to 
the reentrant circuit that are activated early as the 
impulse leaves the circuit, could produce electrocar- 
diographic configurations similar to those of the 
tachycardia. Extirpation of these sites may not remove 
the critical areas of the reentrant circuit and ventricular 
tachycardia could recur, although the activation pattern 
could be changed. 

4. Because an extremely large number of sites could 
be paced both epicardially and endocardially, and 
because multiple electrocardiographic leads have to be 
analyzed after pacing at any one site, it is unlikely that 
such mapping would save time. Intraoperative endo- 
cardial pace-mapping requires a ventriculotomy and, 
without prior knowledge of the area of origin of the 
tachycardia, it would also entail pacing a large number 
of sites. Furthermore, the QRS complexes produced by 
endocardial pacing after ventriculotomy cannot be 
meaningfully compared with those obtained in the 
preoperative state before thoracotomy and ventricul- 
otomy. Thus, because of the lack of specificity of elec- 
trocardiographic configuration for specific ventricular 
sites, the limitations of epicardial stimulation, the 
number of potential sites required for pacing, the effects 


aVF 


FIGURE 12. Case 3. Comparison of electrocardiographic 
and interventricular conduction time during ventricular 
tachycardia and pacing. Electrocardiographic leads |, aVF 
and V4 are shown with a reference electrogram from the 
right ventricular apex (RVA) and site 7 in the left ventricle 
(LV). Site 7 was documented to be the site of origin of the 
tachycardia. Conduction time from site 7 to the right 
ventricular apex was 142 ms during the tachycardia. 
Pacing at site 7 at a similar rate as the tachycardia re- 
sulted in an identical QRS pattern and an interventricular 
conduction time very similar to that during ventricular 
tachycardia. (Adapted from Josephson et al.° by per- 
mission of the American Heart Association, Inc.) 
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of thoracotomy and ventriculotomy on electrocardio- 
graphic characteristics, we believe the use of intraop- 
erative pace-mapping is very limited. 

Catheter endocardial pace-mapping: In this study, 
we were able to reproduce QRS configurations similar 
to those of spontaneous ventricular tachycardia by 
pacing the endocardial site from which the earliest ac- 
tivity was recorded during ventricular tachycardia. 
However, this was accomplished with prior knowledge 
of the site from which the earliest activity was recorded, 
because catheter endocardial mapping during ventric- 
ular tachycardia was performed before pace-mapping. 
Furthermore, pacing at adjacent areas (within a radius 
of 2 to 3 cm) could produce a similar configuration. 
Thus, the area that would be required to be resected in 
order to remove potential sites from which electrocar- 
diographic configurations similar to those of ventricular 
tachycardia could be produced would be at least 25 cm?, 
Despite prior knowledge of the site of earliest recorded 
activity, we found it extremely difficult to locate the 
pacing site required to replicate the configuration of 
ventricular tachycardia. Pacing at areas closely adjacent 
to the area of earliest activation recorded during ven- 
tricular tachycardia could produce either similar or 
grossly disparate electrocardiographic patterns; 
therefore, it is usually necessary to pace at a great many 
sites before the pattern of tachycardia is replicated. In 
almost all instances, the time required to perform en- 


M2 
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docardial pace-mapping exceeded that required to map 
the induced ventricular tachycardia. In addition, be- 
cause pacing should be performed at a rate approxi- 
mating that of the tachycardia because of the effect of 
cycle length on ventricular activation characteristics, 
the procedure can be limited by the induction of the 
tachycardia itself. Thus, the technique of pace-mapping 
is difficult and time-consuming. 

Conclusions: (1) Endocardial pace-mapping is a 
corroborative method of identifying the site of origin of 
ventricular tachycardia and should not replace direct 


mapping of the tachycardia. (2) Endocardial pace- 
mapping may be useful in localizing the region of ven- 
tricular tachycardia to an area of perhaps 20 to 25 cm? 
in patients with noninducible or rapid ventricular 
tachycardia who cannot undergo catheter or intraop- 
erative mapping (the resultant endocardial resection 
would have to be larger). (3) In our experience endo- 
cardial pace-mapping is neither easier, more accurate 
nor quicker than direct localization by mapping during 
ventricular tachycardia and therefore remains of limited 
clinical use. 
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The prognostic importance of ventricular arrhythmias detected during 24 
hour ambulatory monitoring was evaluated in 395 patients with and 260 - 
patients without significant coronary artery disease. Ventricular ar- | 
rhythmias were found to be strongly related to abnormal left ventricular | 
function. A modification of the Lown grading system (ventricular ar- 
rhythmia score) was the most useful scheme for classifying ventricular 
arrhythmias according to prognostic importance. When only noninvasive 
characteristics were considered, the score contributed independent 
prognostic information, and the complexity of ventricular arrhythmias as 
measured by this score was inversely related to survival. However, when 
invasive measurements were included, the ventricular arrhythmia score 
did not contribute independent prognostic information. Furthermore, 
ejection fraction was more useful than the ventricular arrhythmia score 
in identifying patients at high risk of sudden death. 


In the setting of coronary artery disease, ventricular arrhythmias have 
been associated with decreased survival.'-? However, ventricular ar- 
rhythmias are also associated with abnormal left ventricular function.*° 
It has been proposed that many patients die suddenly because of primary 
ventricular arrhythmias independent of the degree of myocardial dys- 
function, and that these patients can be identified on the basis of ven- 
tricular arrhythmias detected during ambulatory electrocardiographic 
monitoring.9? An alternative hypothesis, that ventricular arrhythmias 
predict cardiac death because the ectopic activity reflects the extent of 
damaged myocardium, has also been proposed.?^ 

The simplicity of ambulatory electrocardiography makes it an at- 
tractive technique, and its use in detecting ventricular arrhythmias has 
increasingly made it a part of the routine clinical profile in patients with 
coronary artery disease. Therefore, an understanding of the clinical 
implications of these rhythm disturbances is important. No large study 
of patients with chronic coronary artery disease has assessed the prog- 
nostic importance of ventricular arrhythmias relative to other clinical 
characteristics when detailed anatomic and hemodynamic measurements 
are known. This study was designed to determine whether the detection 
of ventricular arrhythmias during a 24 hour monitoring period adds 
significant information concerning the risk of cardiac death when other 
important prognostic variables are known. This information may be 
useful in identifying patients at high risk of cardiac death for whom a 
trial of antiarrhythmic agents might be warranted. 


Methods 


Study patients: The study group was obtained from all patients undergoing 
cardiac catheterization for suspected coronary artery disease at Duke University 
Medical Center between August 1975 and November 1979. Patients with valvular 
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or congenital heart disease were excluded except those with 
mitral regurgitation as a complication of coronary artery 
disease. Of the 3,129 patients meeting these entry criteria, a 
total of 1,009 underwent 24 hour ambulatory monitoring as 
‘a part of a prospective protocol before discharge from the 
hospital. The 655 patients from this group who were treated 
Without coronary bypass grafting form the basis of this report. 
Of this number, 395 had and 260 did not have significant 
coronary artery disease. 

Patients underwent ambulatory monitoring solely on the 

basis of availability of monitoring equipment without 
knowledge of cardiac catheterization findings or possible 
clinical indications. A comparison of baseline characteristics 
revealed no differences with regard to age, sex, number of 
diseased vessels and ejection fraction between the 1,009 pa- 
tients who underwent monitoring and 2,120 patients who did 
not. The patients who were not monitored had a lesser prev- 
alence of both left main coronary artery disease (4.6 versus 7.2 
percent) and a history of congestive heart failure (7.2 versus 
11.6 percent). 
. Information system: The computerized information sys- 
tem used in this study has previously been described.8 In 
summary, a complete medical history, physical examination, 
chest X-ray film and standard 12 lead electrocardiogram were 
obtained prospectively on all patients at the time of cardiac 
catheterization. These data were itemized into 48 character- 
istics that formed the noninvasive data set analyzed in this 
study. In addition, 20 invasive hemodynamic, angiographic 
and ventriculographic descriptors were obtained by cardiac 
catheterization.? Left ventricular ejection fraction was cal- 
culated routinely when technically feasible (94 percent of 
patients). 

Follow-up survival status was obtained at 6 months and 

1 year after cardiac catheterization, and at yearly intervals 
thereafter as reported previously.’ Sudden death was defined 
as death within 2 hours of the onset of acute systems in pa- 
tients without refractory congestive heart failure. Death oc- 
curring while the patient was asleep or otherwise not observed 
was counted as a sudden death if the patient was asymptom- 
atic when last seen. 

. Ambulatory electrocardiographic data: A two channel 
model 425 Avionics Holter recorder was used for continuous 
24 hour recordings as previously described.? The same system 
was also used in routine clinical practice at our institution. 
Patients were ambulatory in the hospital as permitted by 
symptoms. Counts were made of the number of premature 
ventricular complexes during each hour. The average number 
per hour and the maximal number in any 1 hour were calcu- 
ated. Note was made of the occurrence of multiform com- 
dlexes (premature ventricular complexes with different QRS 
sonfigurations), bigeminy (alternating premature ventricular 
'omplexes and sinus beats), pairs (two consecutive premature 
rentricular complexes) and ventricular tachycardia (three or 
nore consecutive premature ventricular complexes). 

_ Patients were assigned the highest applicable ventricular 
irrhythmia score based on a modification of Lown's grading 
ystem (Table I). The R on T phenomenon was not evaluated 
n this report. 

. Cardiac catheterization: Biplane left ventriculography 
ind single plane coronary arteriography were performed in 
ll patients. Results were reviewed by at least two senior an- 
iographers on the day of cardiac catheterization. Significant 
oronary artery disease was defined as 75 percent or greater 
larrowing of the luminal diameter of a major coronary artery. 
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TABLE | 
Modified Lown Grading System for Ventricular Arrhythmias 
SN TEA ir p uias t album dc eso aie Ne gi. Jc 
Ventricular 
Lown Arrhythmia 
Definition Grade Score 
No PVCs 0 0 
Maximal hourly PVC rate «30 1 1 
Unifocal, maximal hourly 2 2 
PVC rate 230 
Multiform PVCs 3 3 
Two consecutive PVCs 4a 4 
Ventricular tachycardia 4b 5 


on 5 


PVC = premature ventricular complex. 


Major coronary arteries were considered the left main, the left 
anterior descending or large diagonal branch, the left cir- 
cumflex or large marginal branch, and the right coronary ar- 
tery. Left ventricular ejection fraction was calculated using 
the modified area-length method.!? In patients whose ejection 
fraction was not obtained because of technical difficulties, an 
estimate based on the subjective description of the quality of 
left ventricular contraction was used (Harris PJ et al., un- 
published data). 

Statistical procedures: Associations between the ven- 
tricular arrhythmia score and other baseline characteristics 
were assessed using the Spearman rank-order correlation. 
Univariable comparisons of two (or more) groups were made 
on the basis of the Wilcoxon rank sum (or Goodman-Krus- 
kal-Wallis) test statistics. Multivariable analysis to assess the 
relation between ventricular arrhythmia score and other 
baseline characteristics was performed using the multiple 
linear regression model. 

For analyses to assess the relation between survival time 
and various patient characteristics, Breslow’s formation of 
the Cox proportional hazard survival model was used.11-13 
Rao's efficient score statistic was used with the model to de- 
termine univariable associations.!? In the multivariable sur- 
vival analyses, to test whether a particular factor added in- 
formation independent of a given set of other variables, the 
model was fit first using only the given set and secondly using 
the given set along with the factor of interest. Twice the dif- 
ference in the log likelihood function was used as a test sta- 
tistic having a chi-square distribution with 1 degree of freedom 
to determine the independent significance of that added 
factor. 

Complete survival curves were plotted from Kaplan-Meier 
product-limit estimates of the survival probabilities from time 
of catheterization.!4 The displays of 2 year survival proba- 
bilities were drawn from predicted values calculated from 
fitting the Cox model to the ventricular arrhythmia score 
alone (unadjusted) and to this score with the 68 other clinical 
characteristics (adjusted). 

To quantify the usefulness of clinical data for individual: 
patients, an index, denoted by c, was computed that estimates 
the probability that, of two randomly chosen patients, the one 
with the lower ventricular arrhythmia score will have lived 
longer. The index was calculated using & procedure similar to 
the computation of the Kendall-Goodman-Kruskal rank 
correlation coefficient.!^ Concordance for ventricular ar- 
rhythmia score and survival time was determined for every 
pairing of patients in whom the order of survival times could 
be determined. Thus, pairs were excluded in which both pa- 
tients were alive at follow-up study or in which the length of 


time until the death of one exceeded the length of time the 
other had been followed up. A concordant pair was defined 
as a pair in which the patient with the lower ventricular ar- 
rhythmia score also had the longest survival time. The c index 
is the proportion of total pairs that are concordant. 


Results 
Characteristics of patients with significant 


coronary artery disease: The baseline characteristics 


of the 395 patients with significant coronary artery 
disease are displayed in Table II. Eighty-five percent 
(336) were male, and the median age was 49 years. Most 
patients had chronic symptoms of coronary artery dis- 
ease with a median duration of symptoms of more than 
20 months. Only 29 percent (115) had progressive an- 
gina. Thirty-two percent (127) had single vessel coro- 
nary disease, 24 percent (95) had two vessel disease and 
44 percent (173) had three vessel disease. Only 12 pa- 
tients (3 percent) had left main coronary artery disease. 
After 1975 most patients at this institution with left 
main coronary stenosis were treated surgically. Al- 
though only 11 percent (44) of the patients had symp- 
toms of congestive heart failure, 24 percent (95) had an 
ejection fraction of less than 40 percent. Sixty-three 
percent (249) had completely normal left ventricular 
contraction. 

Spectrum of arrhythmias: The grades of ventric- 
ular arrhythmias found in the patients with significant 
coronary artery disease are depicted in Table III. No 


ventricular arrhythmia was detected in 118 of the 395 


patients. The mean number of premature ventricular 
complexes/hour was 30 (range 0 to 1,697), however, the 
median number/hour was 1, and 259 of the 395 patients 
averaged less than 2/hour. When patients were grouped 
by ventricular arrhythmia score, the majority had a 
score of less than 2. In most of the patients with frequent 
premature ventricular complexes, the complexes were 
multiform, so that only 10 patients had a ventricular 
arrhythmia score of 2. Thirty-three patients had pairs 
and 21 patients had ventricular tachycardia. 

Association of arrhythmias with presence and 
severity of coronary artery disease: The relation of 
ventricular arrhythmia score to selected baseline 
characteristics is displayed in Table IV. The presence 
and grade of ventricular arrhythmias were associated 
closely with the extent of coronary artery disease and 
left ventricular dysfunction. Thirty-seven percent of 
patients with no premature ventricular complexes 
(ventricular arrhythmia score = 0) had single vessel 
disease, whereas only 28 percent of patients with a score 
of 3 and 19 percent of patients with a score of 5 had 
single vessel disease. Patients with three vessel disease 
constituted an increasing proportion of the groups as 
ventricular arrhythmia score increased. Similarly, 13 
percent of patients with no premature ventricular 
complexes had an ejection fraction of less than 40 per- 
cent compared with 26 percent of patients with a ven- 
tricular arrhythmia score of 3 and 71 percent of patients 
with a score of 5 (ventricular tachycardia). 

A more detailed analysis of the relation between 
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TABLE Il 


Baseline Characteristics of 395 Medically Treated Patients 
With Significant Coronary Artery Disease Undergoing 24 
Hour Ambulatory Monitoring 


Frequency 
Characteristic (n, 96) 
Male 336, 8596 
Age <50 years 213, 5496 
Historical features 
Peripheral vascular disease 29, 7.396 
Previous myocardial infarction 210, 5396 
Congestive heart failure 44, 1196 
Progressive pain 115, 2996 
History of diabetes 44, 1196 
History of smoking 299, 76% 
Laboratory findings 
Q waves in electrocardiogram 176, 4596 
Cardiomegaly in chest X-ray film 69, 17% 
Catheterization features 
LVEDP » 18 56, 1496 
avO;D >5.5 47, 1296 
Ejection fraction <40 96 95, 2496 
Normal LV contraction 249, 6396 
Left main coronary artery disease 12, 396 
Number of vessels with 275% stenosis 
1 127, 3296 
2 95, 24% 
3 173, 4496 


avO;D = arteriovenous oxygen difference (vol 96); LV = left ven- - 
tricular; LVEDP = left ventricular end-diastolic pressure. 4 


ventricular arrhythmias and ejection fraction is dis- 
played in Table V. With increasing ventricular ar- 
rhythmia score, the median ejection fraction declined 
from a high of 58 percent for patients with grade 0 ar- 

rhythmias to a low of 32 percent for patients with grade. 
5 arrhythmias. As a group, patients with high grade 

arrhythmias had a much lower ejection fraction than did 

patients with low grade arrhythmias (probability [p] = 

0.001); however, the correlation coefficient was only 
0.30. 

The results of a stepwise linear regression analysis 
relating ventricular arrhythmia score to the other 
patient characteristics are displayed in Table VI. The 
score was related most closely to localized left ventric- 
ular asynergy and ejection fraction. No measurements 
of coronary anatomy or age were significantly related | 
to the score after adjusting for the effects of other fac- 
tors. 


TABLE Ill 


Ventricular Arrhythmia Scores in 395 Medically Treated 
Patients With Significant Coronary Artery Disease 


Ventricular 
Arrhythmia Patients 
Score Definition (n, 96) 
0 No premature ventricular complexes — 118, 3096 
1 <30/hour maximum 84, 2196 
2 = 30/hour, uniform 10, 3% 
3 Multiform 129, 33% 
4 Two consecutive 33, 8% 
5 Ventricular tachycardia 21, 5% 
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TABLE IV 


Relation Between Ventricular Arrhythmia Score and Selected Baseline Characteristics in 395 Patients With Significant 
Coronary Artery Disease ‘ 
een ee eres ine ae rs hs i GNI SIR PERO Se TG ie a HI UO EI E 
Ventricular Arrhythmia Score 
rip ecu s afe ape DIR Aut Sg oue ui corso V OP TRU x REID edm 


i 0 1 2 3 4 5 
: (n — 119) (n = 83) (n = 10) (n — 129) (n — 33) (n = 21) 
Clinical characteristics 
Male 102 (86%) 67 (81%) 9 (90%) 111 (86%) 27 (81%) 20 (95%) 
~ Age <50 years 51 (43%) 39 (48%) 5 (50%) 45 (35%) 15 (45%) 9 (43%) 
č History of peripheral 4( 3%) 3( 496) 2 (2096) 14 (1196) 3( 996) 3 (1496) 
— . vascular disease 
— History of myocardial 45 (3896) 41 (49%) 6 (60%) 77 (6096) 24 (7396) 17 (8196) 
~ infarction 
— History of congestive 2( 296) 6( 796) 1 (1096) 23 (1896) 6 (18%) 6 (2996) 
heart failure 
. Progressive chest 26 (22%) 29 (35%) 2 (2096) 43 (33%) 6 (18%) 9 (43%) 
|» pain 
. History of diabetes 11( 996) 8 (1096) 2 (2096) 18 (1496) 1( 396) 4 (1996) 
.. History of smoking 86 (7296) 61 (7396) 8 (80%) 104 (8096) 24 (7396) 16 (76%) 
. Laboratory characteristics 
. Q waves in ECG 32 (27 96) 34 (41%) 5 (5096) 66 (6196) 22 (67 96) 17 (81%) 
d Cardiomegaly on 8( 796) 11 (1396) 1(10%) 26 (20%) 10 (30%) 13 (62%) 
... chest X-ray film 
. Catheterization characteristics 
| gerer. fraction 15 (1396) 14 (1796) 2 (2096) 34 (26 96) 17 (5296) 15 (71%) 
li 40 
= 1 vessel CAD 44 (37%) 33 (40%) 4 (40%) 36 (28%) 6 (18%) 4 (1996) 
. 2 vessel CAD 30 (25%) 17 (2096) 4 (4095) 33 (26%) 7 (2196) 4 (1996) 
3 vessel CAD 45 (3896) 33 (4096) 2 (2096) 60 (47 96) 20 (6195) 13 (6296) 


CAD = coronary artery disease; ECG = electrocardiogram. 


Possible influence of drugs: Because some patients 


_were taking cardiac medications at the time of ambu- 


latory monitoring, we studied the effects of these drugs 


on arrhythmia occurrence. The ventricular arrhythmia 


score in the 391 patients taking beta receptor blocking 


agents did not differ from that of the 264 patients not 


taking these agents (including patients with no signif- 


_icant coronary artery disease) (p = 0.779). However, the 


43 patients taking other antiarrhythmic agents (p = 
0.01) and the 72 patients taking digoxin (p = 0.0001) 


had a higher ventricular arrhythmia score than that of 


the remaining patients in the study group. The ejection 


fraction in patients taking antiarrhythmic medications 
(median ejection fraction 44 percent) or digoxin (me- 
dian 35 percent) was considerably lower than that of the 


TABLE V 


Relation Between Ejection Fraction and Ventricular 
Arrhythmia Score in 395 Medically Treated Patients 





x Median 
Ventricular Ejection 
Arrhythmia Fraction 25th 75th 
Score (%) Percentile Percentile 

0 58 50 64 
1 53 42 60 
2 51 37 59 
3 49 38 58 
4 37 25 53 
5 32 22 44 
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remaining patients (median 55 percent) (p <0.001 for 
each group). 

Arrhythmias and survival in patients with sig- 
nificant coronary artery disease: Survival in relation 
to ventricular arrhythmia score in patients with sig- 
nificant coronary artery disease is displayed in Figure 
1. There was a direct relation between increasing score 
and decreasing survival. The 2 year survival rate ranged 
from 95 percent in patients with a score of 0 to 68 per- 
cent in patients with a score of 5. k 

To determine those arrhythmia descriptors most 
strongly related to survival, individual arrhythmia 
characteristics were considered jointly in a multivariable 


TABLE VI 


Invasive and Noninvasive Characteristics Related to 
Ventricular Arrhythmia Score in 395 Medically Treated 
Patients With Significant Coronary Artery Disease 


Probability 

Characteristic F Value (p) Value 
Localized left ventricular asynergy 31 0.0001 
Ejection fraction 20 0.001 
PVCs in resting electrocardiogram 16 0.01 
History of peripheral vascular disease 13 0.01 
Cardiomegaly in chest X-ray film 13 0.01 
History of Prinzmetal's angina 12 0.01 
Model R? — 0.23 


PVCs = premature ventricular complexes. 


SURVIVAL 


FIGURE 1. Survival of 395 patients with significant coronary 
artery disease according to ventricular arrhythmia (VA) 
score. 


analysis. Thus, the average number of premature ven- 
tricular complexes/hour, the maximal number of such 
complexes in any 1 hour, and the occurrence of isolated 
complexes, multiform complexes, pairs and ventricular 
tachycardia were evaluated as predictors of survival. 
Each arrhythmia characteristic, when considered alone, 
was associated with decreased survival. When combi- 
nations were considered, each of the variables indicating 
complexity (multiformity, pairs, ventricular tachycar- 
dia) added prognostic information. When the relation 
between maximal number of premature ventricular 
complexes/hour and survival was examined, the figure 
of 30/hour was an empirically useful breakpoint in 
predicting survival. The average number of such com- 
plexes/hour was found not to add prognostic informa- 
tion. When all of these arrhythmia variables were placed 
in a model with the ventricular arrhythmia score, only 
the ventricular arrhythmia score was independently 
related to survival. 
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FIGURE 2. Relation between ventricular arrhythmia (VA) score and 
survival before and after adjusting for other clinical characteristics in 
395 patients with significant coronary artery disease. 
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The independent prognostic value of the ventricular 
arrhythmia score was first tested by determining its 
importance in relation to descriptors of the history, 
physical examination, chest X-ray film and resting 
electrocardiogram. The ventricular arrhythmia score 
added statistically significant prognostic information 
to the amount of information provided by these com- 
monly used noninvasive characteristics (chi-square = 
4.6, p = 0.03). However, when the descriptors from 
cardiac catheterization were added (coronary anatomy, 
ejection fraction, wall motion and hemodynamic data) 
the score no longer added significant prognostic infor- 
mation (chi-square = 0.8, p = 0.4). 

Figure 2 demonstrates graphically the results of 
multivariable analysis. Before adjustment for all other 
variables (noninvasive and invasive), 2 year survival 
rates ranged from 90 percent in patients with no ven- 
tricular arrhythmias to 70 percent in patients with 
ventricular tachycardia. When other variables were held 


TABLE VII 


Ventricular Arrhythmia Scores in Patients With an Ejection 
Fraction (EF) Above and Below 40 Percent 


Frequency of Score 





Ventricular Patients Patients 
Arrhythmia With EF 240% With EF «4096 
Score (n, 96) (n, 96) 

0 106, 3596 12, 1396 

1 70, 2396 14, 1596 

2 8, 396 2, 396 

3 95. 3296 34, 36 96 

4 15, 596 18, 1996 

5 6, 296 15, 1696 
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. FIGURE 3. Relation between 2 year survival rate and ventricular ar- 
rhythmia (VA) score in patients with an ejection fraction of less than 
. 40 percent and those with an ejection fraction of 40 percent or 
. greater. 


constant, the estimated 2 year survival rate for each 
. ventricular arrhythmia score was almost identical. The 
results for patients with a score of 2 may be unreliable 
because this group included only 10 patients. 

The c index was used to evaluate the relative clinical 
usefulness of the ventricular arrhythmia score. Results 
of the noninvasive evaluation, including only the his- 
tory, physical examination, chest X-ray film and elec- 
trocardiogram, were combined into a single score re- 
flecting the information content with respect to survival. 
. With this simple noninvasive evaluation, a c index of 
.0.73 was obtained. Thus the probability that, of two 
randomly chosen patients, the patient with the worse 
noninvasive evaluation had the worse prognosis was 
0.73. When the ventricular arrhythmia score was added 
. to the noninvasive evaluation, the probability of cor- 
rectly classifying pairs of patients according to prognosis 
increased only to 0.76. When the noninvasive and in- 
vasive evaluations were combined without the ven- 
tricular arrhythmia score, the c index increased to 0.83. 
The addition of the score to these descriptors increased 
the c index to only 0.84. 

Sudden death and ventricular arrhythmia score: 
Sixty of the 395 patients with significant coronary artery 
disease died during the follow-up period. In 36 patients 
death occurred within 2 hours of the onset of acute 
symptoms. Of the remaining 24 patients, 2 died of 
noncardiovascular causes, 19 died more than 2 hours 
after the onset of symptoms due to cardiac disease and 
3 died of stroke. 

The preceding analyses were repeated using only 
sudden death as an end point. The ventricular ar- 
rhythmia score by itself was a significant prognostic 
factor (chi-square = 9.8, p = 0.002). However, the score 
did not add to the amount of prognostic information 
provided by the invasive and noninvasive variables 
(chi-square = 0.5, p = 0.5). 
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TABLE VIII 


Ventricular Arrhythmia Scores in 260 Patients Without 
Significant Coronary Artery Disease 


Ventricular 
Arrhythmia Patients 
Score (n, 96) 

0 103, 3896 
1 86, 3496 
2 6, 296 
3 49, 1996 
4 16, 796 
5 0, 096 


Ejection fraction and ventricular arrhythmia 
score in relation to survival: To illustrate the distri- 
bution of ventricular arrhythmia score in relation to 
ejection fraction, the scores of patients with an ejection 
fraction of 40 percent or greater were compared with 
those of patients with an ejection fraction of less than 
40 percent (‘Table VII). The distribution of the scores 
clearly is skewed so that patients with an ejection frac- 
tion of less than 40 percent have a higher ventricular 
arrhythmia score. 

The 2 year survival rate in relation to ventricular 
arrhythmia score is given for patients with an ejection 
fraction above and below 40 percent in Figure 3. The 
relation between the score and survival was much less 
strong in the patients with an ejection fraction of 40 
percent or greater. In patients with an ejection fraction 
of less than 40 percent the 2 year survival rate ranged 
from 89 percent in patients with a score of 0 to 60 per- 
cent in patients with a score of 4. 

Patients with no significant coronary artery 
disease: The ventricular arrhythmia scores of the 260 
patients without significant coronary artery disease are 
depicted in Table VIII. Although 71 of these patients 
had “high grade” ventricular arrhythmias (ventricular 
arrhythmia score of 2 or higher), none of the 71 died 
during the follow-up period. The only death in this 
group of patients was a sudden death 15 months after 
cardiac catheterization in a patient with a maximum of 
1 premature ventricular complex/hour. 


Discussion 


Ventricular arrhythmia and left ventricular 
dysfunction: The relation between ventricular ar- 
rhythmia and extent and severity of coronary artery 
disease has previously been reported.* A preliminary 
report from this medical center® found that left ven- 
tricular dysfunction was the predominant factor relating 
to ventricular arrhythmia. When the degree of left 
ventricular dysfunction was held constant, the number 
of diseased vessels was not independently associated 
with the presence or complexity of ventricular ar- 
rhythmia. Our previous result is confirmed with the 
addition of 367 patients in this report. The correlation 
of only 0.30 between arrhythmia grade and ejection 


^. Bed 
ry 


fraction indicates that ventricular ectopic rhythm 
cannot predict the degree of left ventricular dysfunction 
accurately. Nonetheless, ventricular dysfunction is the 
clinical variable most closely associated with ventricular 
arrhythmia. 

Effect of drugs: Because some patients were taking 
antiarrhythmic drugs at the time of ambulatory moni- 
toring, the analysis for possible effects of drugs on ar- 
rhythmia occurrence during monitoring was necessary. 
Beta receptor blocking agents had no discernible effect. 
'The increased occurrence of arrhythmias in patients 
receiving antiarrhythmic agents and digoxin appeared 
to be related to poor ventricular function. No difference 
in survival was detected between patients taking beta 


. receptor blocking drugs or antiarrhythmic agents during 


the follow-up period and the remainder of the study 
group. Any differences may have been obscured by the 
small sample size and the variety of reasons for which 
the drugs were given. Furthermore, because the fol- 
low-up information was based on patient reports, 
compliance may have been variable during the follow-up 
period. 

Ventricular arrhythmia and survival: The rela- 
tion between the presence and complexity of ventricular 
arrhythmias and decreased survival has been docu- 
mented in many previous studies.9:7.16.17 Most investi- 
gators studied survival in patients immediately after 
infarction or in ambulatory persons without docu- 
mentation of coronary anatomy or ventricular function. 
Moss? and Ruberman et al.? found that ventricular ar- 
rhythmia observed during the postinfarction period was 
associated with decreased survival. Bigger et al.!5 were 
unable to confirm these findings, but they analyzed the 
data from only 100 patients. Ruberman et al.!? and 
Hinkle et al.?? extended the finding that ventricular 
arrhythmia is related to survival to include patients with 
symptoms of coronary artery disease outside of the 
setting of the immediate postinfarction period. 

Ventricular arrhythmia score versus ejection 
fraction: The direct relations among ventricular ar- 
rhythmia score, ejection fraction and survival have not 
previously been reported. The small number of patients 
in postinfarction studies and the infrequency of coro- 
nary events in ambulatory studies have not allowed such 
an analysis to this point. In a preliminary report of a 
large number of postinfarction patients (without direct 
knowledge of ventricular function), Moss? found that 
only early cycle premature ventricular complexes and 
multiform premature ventricular complexes had inde- 
pendent prognostic value. Other studies? have used 
different methods of classifying ventricular arrhyth- 
mias. Individual studies probably will find different 
permutations among these variables but, in general, 
increasing arrhythmia complexity as initially defined 
by Lown and Wolf?! is associated with poor ventricular 
function and decreased survival. 

Noninvasive prognostic variables: The nonin- 
vasively obtained measurements used to test the inde- 
pendent prognostic significance of ventricular ar- 
rhythmias were those that have been collected in our 
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entire population of patients with significant coronary 
artery disease documented by arteriography.? The 
finding that ventricular arrhythmias were important 
prognostically even when other noninvasively obtained 
variables were controlled is consistent with previous 
data. Moss et al.?? evaluated 954 postinfarction patients 
and found that when a limited number (six) of clinical - 
measurements were considered in multivariable anal- - 
ysis, the presence of at least one premature ventricular - 
complex in a 6 hour Holter recording remained a sig- - 
nificant prognostic indicator. Luria et al?? used 
discriminant analysis of 22 noninvasive variables and - 
found that ventricular arrhythmias remained prog- 
nostically important when other factors were consid- 
ered. In a study of 1,379 men after myocardial infarc- 
tion, Ruberman et al.? found that complex premature 
ventricular complexes were related to cardiac death 
independently of 16 clinical variables including the 
presence of congestive heart failure. In a follow-up study : 
of men with angina, a similar result was obtained.!? 

The c index: This index indicates that the proba- - 
bility that a patient's prognosis could be better classified _ 
with the addition of ambulatory monitoring is not as 
great as one might expect. With a simple noninvasive - 
evaluation available to every physician, 73 percent of — 
randomly chosen pairs of patients could be correctly | 
ranked with respect to prognosis. The addition of the - 
ventricular arrhythmia score increased this value to only - 
76 percent. Thus, although the ventricular arrhythmia 
score adds information that is statistically significant, 
its clinical value (if the clinician makes appropriate use 
of “given” information) is limited. 

Postinfarction patients—sudden death: No pre- 
vious study has analyzed the prognostic significance of 
ventricular arrhythmias in relation to detailed anatomic - 
and hemodynamic data outside of the setting of the 
postinfarction period. Thus, the finding that ventricular 
arrhythmias do not add prognostic information when 
these data are known has not previously been reported. 
In a similar analysis of a smaller group of postinfarction | 
patients, Taylor et al.?* recently reported that 24 hour — 
ambulatory monitoring at the time of discharge did not 
add prognostic information if catheterization data were - 
known. This evidence, together with the results of our 
study, suggests that the most important factor in sud- - 
den death may be the underlying degree of compromise 
of the myocardium in patients with coronary artery 
disease. | 

The finding that ventricular arrhythmias were 
equally helpful in predicting *nonsudden" death and > 

"sudden" death is consistent with the report by Moss - 
et al.2? Ruberman et al.!? found that ventricular ar- . 
rhythmias were somewhat better at predicting sudden 
death than other modes of death, but this difference was - 
not large. These findings support the hypothesis that 
ventricular arrhythmias are predictive of cardiac death | 
because they reflect extensive underlying myocardial 
disease. If electrical instability were the primary prob- 
lem, a closer relation between ventricular arrhythmias 
and sudden death would be expected. 
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_ Multivariable analysis of prognostic predictors: 
_ The significance of the multivariable analysis is under- 
. scored by reviewing the special subgroups. In patients 
. with no intrinsic heart disease (in this instance without 
coronary artery disease) no relation was found between 
 arrhythmias and mortality. This finding is consistent 
with the reports of Kennedy et al.?° using ambulatory 
monitoring in patients with frequent and complex ar- 
 rhythmia. Similarly, exercise-induced arrhythmias in 
the general asymptomatic population have been found 
_ to be poor predictors of cardiac events.2627 
_ Because one objective of our study was to identify a 
high risk group of patients without poor ventricular 
. function, the patients with an ejection fraction of 40 


score of 2 or more were selected for therapy. At the same 
time, 4 percent of patients with a ventricular arrhythmia 
score of less than 2 would die suddenly without therapy. 
Because sustained ventricular tachycardia was rare in * 
this group, no conclusions can be drawn from our study 
regarding therapy for patients with sustained ventric- 
ular tachycardia and an ejection fraction greater than 
40 percent. 

The group with an ejection fraction of less than 40 
percent poses a more difficult problem. In one 24 hour 
recording, 90 percent had some ventricular arrhythmia 
and 75 percent had complex arrhythmia. Almost cer- 
tainly, with more sophisticated computerized recording 
systems and more prolonged monitoring, the frequency 


. percent or higher were evaluated separately. Although 
. 31 percent of these patients had a ventricular arrhyth- 
mia score of 2 or more, survival was not as closely related 
_to this score as in the patients with increased risk as- 
_ sociated with poor ventricular function. 
Implications: Our findings have several therapeutic 
implications. We found no relation between ventricular 
arrhythmias and decreased survival in patients without 
_ significant organic heart disease. Because other inves- 
tigators have reported similar results, it seems prudent 
- to avoid using antiarrhythmic agents in these patients 
so long as they have no symptoms. However, this 
_ Strategy must be individualized, because rare patients 
without other discernible heart disease have sustained 
ventricular tachyarrhythmias leading to hypotension 
- or sudden death. 
— In patients with an ejection fraction of 40 percent 
_or greater, we found a weak relation between ventricular 
arrhythmia score and cardiac death. Of 124 patients 
- With a ventricular arrhythmia score of 2 or more, 13 died 
suddenly. Thus an attempt to prevent sudden death in 
patients with an ejection fraction of 40 percent or 
greater using ambulatory monitoring to select candi- 
dates for therapy would be expensive with low yield. 
Even if one had a drug that was 100 percent effective, 
.10 patients would be treated needlessly for each death 
prevented if patients with a ventricular arrhythmia 


of complex ectopic activity will approach 100 percent 
in this population. The risk of both sudden and non- 
sudden death is high in this group. However, the outlook 
for these patients is not as dismal as once thought and 
many of them are leading productive lives without se- 
vere symptoms. After 2 years 70 percent of these pa- 
tients remain alive. Only 16 percent of the survivors 
have significant symptoms of congestive heart failure 
and 36 percent are employed. 

With recent advances in electrophysiology many 
investigators now believe that the major factor leading 
to sudden death in these patients is the ability to 
sustain reentrant circuits in areas of ischemic and in- 
farcted muscle.?9?9 Because the capacity for such ar- 
rhythmias may exist in almost all patients with a low 
ejection fraction, 24 hour ambulatory monitoring may 
be less helpful than once thought in choosing candidates 
for therapy. Instead, a trial of antiarrhythmic drugs 
might be based on the presence of low ejection fraction 
alone. Such a trial would not necessarily require cardiac 
catheterization, because left ventricular ejection frac- 
tion can be measured accurately noninvasively with 
radionuclide angiography. Only a clinical trial will de- 
lineate the individual and combined effects of antiar- 
rhythmic drugs, afterload reduction and myocardial 
revascularization in this high risk group of patients with 
a low ejection fraction. 
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The effect of early reperfusion after intracoronary infusion of streptokinase 
in patients with acute myocardial infarction was assessed in 27 patients 
by serial analysis of serum creatine kinase (CK) activity, thallium-201 
scintigraphy (seven pinhole technique) and left ventricular and coronary 
angiography. Serial serum CK activity determinations were carried out 
at hourly intervals. Thallium-201 tomographic scintigrams were obtained 
before and 24 hours after recanalization. The size of the perfusion defect 
was measured from eight scintigraphic cross sections of the left ventricle. 
Regional ejection fraction was determined from the left ventricular an- 
giogram before and 4 weeks after recanalization. The results in three 
groups of patients are presented: group A, 10 patients with successful 
recanalization and a peak serum CK activity of less than 1,000 U/liter; 
group B, 9 patients with successful recanalization and a peak serum 
CK activity of more than 1,000 U/liter and group C, 8 patients with un- 
successful recanalization. Patients in group A showed an increase in CK 
activity (from 46 to 603 U/liter p <0.001), a reduction in the thallium 
perfusion defect (from 115 to 49^, p <0.01) and an augmentation of re- 
gional ejection fraction (from 24 to 38 percent, p «0.05 ). Patients in group 
B had an increase in serum CK activity (from 46 to 1,562 U/liter, p 
<0.001), only a moderate reduction in the thallium perfusion defect (from 
141 to 87^, p <0.01) and no change in regional ejection fraction (from 
25 to 27 percent, p 70.05). Patients in group C had an increase in serum 
CK activity (from 43 to 1,756 U/liter, p 0.001), no change in the thallium 
perfusion defect (from 145 to 147^, p 70.05) and no change in regional 
ejection fraction (from 32 to 26 percent, p 0.05). Compared with patients 
in group B, those in group A had a shorter duration of ischemia (3.9 versus 
4.8 hours), more frequently adequate collateral supply to the infarcting 
area before recanalization (40 versus 0 percent of patients) and a smaller 
area supplied by the occluded vessel (115 versus 141°). Although all 
differences were not et the level of significance (p 0.05), conditions for 
tolerating ischemia were better in group A than in group B. 

The study shows that early reperfusion has a beneficial effect on the 
extent of myocardial necrosis as estimated from serum enzyme deter- 
minations, thallium-201 scintigraphy and contrast ventriculography. The 
beneficial effect depends on the duration of myocardial ischemia and on 
the blood supply to the ischemic area by collateral vessels. 


Coronary reperfusion after acute myocardial infarction may limit the 
extent of myocardial necrosis.!-^ Recently, early reperfusion was es- 
tablished with use of intracoronary infusion of streptokinase in patients 
with acute myocardial infarction.9-? The success of early recanalization 
of an obstructed coronary artery in acute myocardial infarction is not 
yet established, because evaluation of the ischemic left ventricular 
segment has yielded inconsistent results."-? In this study, we report the 
results of intracoronary thrombolysis in 27 patients with acute 
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transmural myocardial infarction. Our aim was to cor- 
relate data on serum enzyme, scintigraphic and hemo- 
dynamic changes after early reperfusion and thus clarify 
the extent to which myocardial damage can be limited 
* by intracoronary thrombolysis. 


Methods 


Study patients: In 27 patients with acute transmural 
myocardial infarction, intracoronary infusion of streptokinase 
was performed during the acute stage of infarction in order 
to recanalize the obstructed coronary artery. Symptoms and 
signs of acute myocardial infarction included (1) acute chest 
pain lasting for more than 30 minutes, and (2) persistent S-T 
segment elevation for more than 30 minutes progressing to Q 
waves in the standard 12 lead electrocardiogram. The average 


men) was 55 + 11 years. Patients 4, 13 and 26 had clinical and 
electrocardiographic evidence of a previous myocardial in- 
farction. Patients with symptoms for more than 8 hours before 
entry into the coronary care unit were not included in the 
study. 

At the initial clinical investigation, 18 patients were in Killip 
functional class I, 5 were in class II and 3 were in class III; 1 
patient was in class IV.!? Anterior, anteroseptal and antero- 
lateral infarctions, categorized as anterior infarction, were 
found in 12 patients; inferior, inferoposterior, posterior and 
inferolateral infarctions, categorized as inferior infarction, 
were found in 15 patients (Table I). All patients gave written 
informed consent to the study after receiving a detailed ex- 
planation of the procedure, its possible hazards and possible 
beneficial effects. Successful recanalization of the obstructed 
vessel was achieved in 19 of the 27 patients; in 8 patients, the 


(+ standard deviation) age of the patients (1 woman and 26 vessel remained occluded. 











TABLE | 
Serum Enzyme, Scintigraphic and Hemodynamic Data Before and After Recanalization 
Infarct Vessel* t-1 t-2 CK TI-201 EF(96) REFi (96) REFn (96) 
Case Pre Post (hours) Pre Post Pre Post Pre Post Pre Post Pre Post 
Group A (canalization successful, peak CK « 1,000 U/liter) 
1 LAD 99n 75n 2.0 3.0 38 256 — — 53 67 28 58 45 27 
2 LAD 100n 90n 0.5 1.5 70 300 184 47 60 71 42 59 42 40 
3 RCA 100i 50n 25 3.5 20 400 58 0 — 64 — 32 — 70 
4 RCA 100a 100a 3.0 4.0 60 500 144 21 33 39 7 17 41 53 
5 RCA 100n 90n 4.0 4.5 60 500 50 22 54 52 22 30 58 42 
6 RCA 100a — 5.0 5.5 45 715 47 29 49 — 24 — 58 — 
7 LAD 100n 90n 2.5 4.0 29 800 — — 63 53 37 26 49 44 
8 LAD 99a 90n 6.5 1.5 70 830 176 65 37 58 13 44 35 44 
9 RCA 100i 50n 4.0 4.5 24 850 104 68 46 68 20 38 51 60 
10 LAD 100a 90n 1.0 1.5 40 880 155 137 46 49 23 30 20 27 
Mean 81 3.1 3.9 46 603 115 49 49.0 57.1 24.0 37.8 42.6 42.1 
i SD 18 1.8 1.8 19 239 8 43 10.5 11.0 11.6 15.1 11.5. 114 
p «0.001 «0.01 NS «0.05 NS 
Group B (canalization successful, peak CK » 1,000 U/liter) 
11 RCA 99n 50n 3.5 4.5 45 1150 40 11 61 67 27 41 66 65 
12 LAD 100? 90n 2.0 2.5 25 1200 166 130 52 43 29 24 32 32 
13 RCA 100i 90n 3.0 3.5 80 1300 187 79 25 42 12 22 32 46 
14 LCx 100n 75n 4.0 5.0 30 1540 54 25 47 39 31 27 38 37 
15 LAD 100? 90n 6.0 8.0 30 1580 — — 39 58 22 33 21 44 
16 LAD 99n — 4.0 5.0 40 1580 169 68 48 — 20 — 30 — 
17 LAD 100i — 2.5 3.5 25 1780 220 158 44 — 20 — 46 — 
18 LAD 100n 50n 5.0 6.0 30 1850 191 180 50 39 37 25 24 17 
19 RCA 100i 75n 4.0 5.0 110 2080 104 43 47 37 20 17 57 59 
Mean 74 3.8 4.8 46 1562 141 87 45.9 46.4 25.4 27.0 38.6 42.9 
+ SD 18 1:2 1.6 29 310 67 63 11.3 11.5 8.2 7.9 16.8 162 
p «0.001 «0.01 NS NS NS 
Group C (recanalization unsuccessful) 
20 LCx 100i 100a 3.0 62 1016 — — 56 58 39 37 46 47 
21 LAD 100i — 5.0 14 3800 194 194 56 — 23 — 45 — 
22 LCx 100n — 3.5 30 1550 97 112 54 — 33 — 52 — 
23 LAD 100n 100n 3.0 70 1800 151 144 41 30 25 7 28 32 
24 RCA 100i 100i 2.0 30 1350 83 79 60 54 29 29 52 47 
25 RCA 100i 100a 3.5 60 1400 — — 52 48 28 27 46 49 
26 RCA 100i — 2.5 28 1550 202 205 26 — 5 — 35 — 
27 RCA 100i 100a 3.0 49 1580 — — 65 62 37 31 68 66 
Mean 3.2 43 1756 145 147 54.8 50.4 31.6 26.2 48.0 48.2 - 
+ SD 0.9 20 856 54 53 9.1 12.5 6.1 11.4 144 AOE 


p «0.001 NS NS NS NS 


* Percent occlusion of luminal diameter. 

a = adequate collateral supply to infarct vessel; CK = serum creatine kinase activity (U/liter) (Post = peak value); EF = total left ventricular 
ejection fraction (percent); i = inadequate collateral supply to infarct vessel; LAD = anterior descending branch of the left coronary artery; LCx 
= circumflex branch of the left coronary artery; n = no collateral supply to infarct vessel; NS = not significant (p 20.05); p = probability value; 
post = after recanalization; pre = before recanalization; REFi = regional ejection fraction of infarct area (percent); REFn = regional ejection fraction 
of normal area (percent); RCA = right coronary artery; SD = standard deviation; time = time between onset of symptoms and reperfusion (hours); 
? = contralateral coronary artery not injected before recanalization; TI-201 = thallium-201 scintigram, perfusion defect expressed as degrees 
of left ventricular circumference; t-1 = time interval (hours) between the onset of symptoms and the start of cardiac catheterization; t-2 = time 
interval (hours) between the onset of symptoms and recanalization. 
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FIGURE 1. Schematic illustration showing how the size of the perfusion 
defect was measured on thallium-201 scintigraphy. After the geometric 
center of the left ventricular cross section was defined, the area showing 
decreased thallium-201 uptake was identified and the number of de- 
grees in the left ventricular circumference with the defect were de- 
termined. 


A 


Thallium-201 myocardial scintigraphy: After the initial 
clinical examination of the patient in the coronary care unit, 
2.0 mCi of thallium-201 was injected into a peripheral vein. 
The patient was transferred to the cardiac catheterization 
laboratory, and imaging was begun 10 minutes after injection 
of the radioisotope. All studies were performed with a mobile 

gamma camera (Picker Dynamo) equipped with a seven pin- 
hole collimator.!! The camera head was positioned over the 
cardiac apex in a 40 to 45° left lateral projection in order to 
align it with the long axis of the left ventricle. Two and a half 
million counts were collected, usually in 10 minutes or less. 
Twenty-four hours later, a second dose of thallium-201 (1.0 
to 1.5 mCi) was injected and a second set of two images ob- 
tained. To assess the effect of residual thallium on scintigrams 
obtained 24 hours after the initial dose of thallium, two images 
were obtained in five patients. The first image utilized 
equilibrated thallium still present in the patient from the 
previous day; the second scintigram was obtained after in- 
jection of an additional dose of thallium. Apart from the better 
quality and shorter collection time of the second image, no 
significant differences were observed between the two scin- 
tigrams; in particular, the size of the perfusion defect was 
identical in both images. All scintigraphic data were trans- 
ferred on line to a small computer for storage and evalua- 
tion. 

Eight cross-sectional planes through the left ventricular 
myocardium, perpendicular to the long axis, were recon- 
structed from the original data stored on magnetic disc using 
a commercially available computer algorithm.!2 To estimate 
the size of the perfusion defect all reconstructed myocardial 
cross sections were analyzed by a semiquantitative program 
described by Vogel et al.!? After the geometric center of each 
cross section is defined, 60 radii, spaced at equal angles, are 
projected outward from this point. A search is made along each 
radius for peak count rate, which is normalized to the maximal 
count rate in each patient. The results are displayed as a cir- 
cumferential plot over 360°. Abnormal myocardial sections 
are identified by comparing each plot with the lower limit of 
normal as defined by data from 15 patients free of cardiac 
abnormalities (mean + 2 standard deviations), who were 
similarly studied. Once a section was identified to show de- 
creased thallium-201 uptake no attempt was made to grade 
the degree of abnormality. Finally, the defect was calculated 
for each cross section and was expressed in degrees of left 
ventricular circumference (Fig. 1); for each patient the results 
of eight cross sections were averaged. The intraobserver 
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variability was 5 percent, and the interobserver variability 9 
percent. 

Cardiac catheterization: Patients were studied with se- 
lective coronary arteriography using the femoral percutaneous 
technique. Patients received heparin, 7,500 U intraarteriallye 
as well as prednisolone, 250 mg intravenously, in order to avoid 
allergic reactions to streptokinase. Diazepam, 10 mg, and 
morphine sulfate, 10 mg, were administered intravenously 
when necessary. Before use of contrast medium, left ventric- 
ular pressures were recorded during midinspiratory apnea (8F 
catheter, Statham P23 db transducer). Single plane left ven- 
tricular cineangiography was performed in the 30? right an- 
terior oblique projection (40 ml Urografin-76®, 35 mm cine- 
film, 50 frames/s, Philips dual field 9 and 5 inch (22.9 and 12.7 
cm) image intensifier system. Selective arteriography of the 
right and left coronary artery (manual injection of 6 to 8 ml 
of Urografin-76) was performed in six projections including 
three hemiaxial projections. When a coronary occlusion was 
clearly visualized, intracoronary injection of 0.2 to 0.4 mg of 
nitroglycerin was performed to exclude spastic occlusion and 
thereafter continuous intracoronary streptokinase infusion 
was begun (2,000 U/min). Injections of contrast medium were 
repeated every 15 minutes and the infusion was stopped 15 
minutes after coronary recanalization. The patient was then 
transferred to the coronary care unit. Heparin was given in- 
travenously according to plasma thrombin time to achieve full 
anticoagulation (thrombin time was prolonged to between two 
and three times normal value). Blood samples were taken 
hourly for 12 hours and every 4 hours for the following 36 
hours for determination of serum creatine kinase (CK) ac- 
tivity." Left ventriculography and coronary angiography were 
repeated 4 weeks later using premedication with diazepam, 
10 mg orally. 

From the coronary arteriograms obstructions were assessed 
and collateral circulation to the distal vessel segment was 
carefully noted. As described by Levin," the size and degree 
of opacification of the distal vessel segments, as seen angio- 
graphieally, were taken as an indication of the adequacy of 
collateral circulation. The latter was considered adequate if 
the average caliber of the distal vessel segment measured more 
than 1.0 mm in diameter (after correction for angiographic 
magnification). When inflow to the distal vessel segment was 
so reduced that its average caliber was only 1.0 mm or less 
collateral circulation was considered inadequate. 

From the left ventricular angiograms, end-diastolic, end- 
systolic and stroke volumes were determined,!5 and ejection 
fraction and regional ejection fractions were calculated. Re- 
gional ejection fraction was determined using the area method 
as shown diagrammatically in Figure 2.16 The area system 
measured systolic change as segmental ejection fraction. Areas 
corresponding to the perfusion area of the occluded vessel 
(infarct area) were averaged (anterior infarction, areas 1, 2 and 
3; inferior infarction, areas 3, 4 and 5). Normal areas were also 
averaged (anterior infarction, areas 4 and 5; inferior infarction, 
areas 1 and 2). Left ventricular end-diastolic pressure was 
measured at the junction of the a wave with the upstroke of 
the left ventricular systolic pressure. 

Statistical analysis: Paired and unpaired t tests, analysis 
of variance and the chi-square test were used. Significance was 
accepted at the 5 percent probability level (p <0.05). Mean 
values + standard deviation are given in the Tables and in the 
Results section. In the figures mean values + standard error 
of the mean are shown. 
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Results 


Patient groups (Table I): The patients were clas- 
sified into three groups: group A, 10 patients with re- 
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FIGURE 2. Schematic drawing for calculating regional ejection fraction 
from the left ventriculogram (right anterior oblique projection). The 
ventriculogram was divided into five areas and the segmental ejection 
fraction was calculated for each area. Areas 1, 2 and 3 were averaged 
for anterior myocardial infarction, and areas 3, 4 and 5 for inferior in- 
farction. 


opening of the occluded coronary artery who manifested 
peak CK activity of less than 1,000 U/liter after recan- 
alization; group B, 9 patients with recanalization of the 
occluded coronary artery who manifested peak CK ac- 
tivity greater than 1,000 U/liter after recanalization, and 
group C, 8 patients in whom the attempt to recanalize 
the occluded artery was unsuccessful. 

In group A before recanalization, eight patients had 
total occlusion and the remaining two patients had 
subtotal occlusion of the vessel supplying the infarcting 
myocardial area. Adequate collateral supply was ob- 
served in four patients. In group B before recanalization, 





seven patients revealed total and two patients subtotal 
occlusion of the vessel supplying the infarcting myo- 
cardial area. Adequate collateral supply was not seen 
in any patient in group B. All patients in group C had 
total occlusion of the vessel supplying the infarcting 
myocardium. No patient in this group had collateral 
supply to the obstructed coronary artery. 

The number of anterior and inferior infarctions did 
not differ among the three groups (p >0.05). The time 
interval between the onset of symptoms and the start 
of cardiac catheterization was 3.1 + 1.8 hours in group 
A, 3.8 + 1.2 hours in group B and 3.2 + 0.9 hours in 
group C (all p 70.05). The time interval between the 
onset of symptoms and recanalization was 3.9 + 1.8 
hours in group A and 4.8 + 1.6 hours in group B (p 
270.05). The dose of streptokinase administered was 
145,000 + 51,000 U in group A, 191,000 + 30,000 U in 
group B and 196,000 + 48,000 U in group C (p >0.05). 
The average duration of streptokinase infusion was 70 
+ 26 minutes in group A (range 30 to 120), 75 + 35 
minutes in group B (range 30 to 150) and 103 + 29 
minutes in group C (range 60 to 150) (all p 20.05). There 
were no significant group differences in heart rate 
(group A 82 + 22, group B 83 + 19, group C 77 + 15 
beats/min), left ventricular systolic pressure (group A 
125 + 13, group B 116 + 24, group C 131 + 11 mm Hg), 
left ventricular end-diastolic pressure (group A 20 + 7, 
group B 22 + 8, group C 17 + 8 mm Hg), ejection frac- 
tion, regional ejection fraction, serum CK activity or 
thallium-201 perfusion defect before recanalization 
attempt (p >0.05). 

Early study after recanalization attempt: Figure 
3 illustrates two thallium-201 scintigrams from a patient 
in group A (before and after successful recanalization). 
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FIGURE 3. Thallium-201 scintigrams of a cross section of the left ventricle in a patient in group A. A defect of the anterior and septal walls seen 
before recanalization (left panel) disappeared 24 hours after reperfusion (right panel). 
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4weeks after recanalization 


before recanalization 


FIGURE 4. Left ventriculogram (right anterior oblique projection) from 
a patient in group A. The interrupted line denotes the end-diastolic 
frame and the cross-hatched area the end-systolic frame. The anterior 
dyskinesia run before recanalization disappeared 4 weeks after re- 
canalization. 


After 24 hours the perfusion defect of the anterior wall 
has disappeared. Figure 4 shows the left ventricular 
angiogram from a patient in group A before and 4 weeks 
after successful recanalization. In this patient anterior 
dyskinesia was considerably lessened 4 weeks after 
thrombolysis. 

Serum CK activity increased in group A from 46 + 
19 to 603 + 239 U/liter (p <0.001), in group B from 46 
+ 29 to 1,562 + 310 U/liter (p <0.001) and in group C 
from 43 + 20 to 1,756 + 856 U/liter (p «0.001) (Fig. 5). 
The peak value in group A was lower than correspond- 


ing value in the other two groups (p <0.05). Peak CK: 


activity was reached 15.7 + 4.3 hours after the onset of 
symptoms in group A, at 12.9 + 4.8 hours in group B (p 
20.05) and at 23.6 + 7.4 hours in group C (p «0.05 ver- 
sus group A, p «0.01 versus group B). 

The thallium-201 perfusion defect decreased from 
115 + 58 to 49 + 43? (p «0.01) in group A (Fig. 5), from 
141 + 67 to 87 + 63? (p <0.01) in group B, but remained 
unchanged in group C (145 + 54 to 147 + 53°, p 70.05). 
The thallium-201 defect was smaller after 24 hours in 
group A than in group C (p <0.05). 

Late study: Four weeks after recanalization total left 
ventricular ejection fraction was unchanged in all three 
groups (Table I). The regional ejection fraction of the 
infarct area increased significantly (p «0.05) in group 
À but remained unchanged in groups B and C (Fig. 5). 
The regional ejection fraction after 4 weeks was higher 
in group A than in the other two groups; however, the 
difference was not significant (p >0.05). The regional 
ejection fraction of the normal area remained essentially 
unchanged in all three groups. No patient in group A or 
B had clinical, serum enzyme or electrocardiographic 
evidence of recurrence of acute myocardial infarction 
between the early and the late study. Patient 4 mani- 
fested reocclusion of the recanalized vessel in the second 
study. 

Complications: Minor bleeding occurred at the site 
of the arterial puncture in three patients and gastroin- 
testinal bleeding, seen in one patient, was treated 
medically. Three patients died within 4 weeks of the 
intervention (Cases 21, 22 and 26). Two deaths were 
sudden (outside the coronary care unit) and one death 


36 July 1982 The American Journal of CARDIOLOGY Volume 50 


Successful recanalization Unsucc. recanalization 


Group A Group B Group C 


Serum peak CK activity [U/1] 


150 {4 SEM 


** 


; F RTA 


10 


Regional ejection fraction [%] TL-201 perfusion defect [degrees] 
o 


before after before after before after 


FIGURE 5. Mean serum enzyme, scintigraphic and hemodynamic values 
in the three groups. after — after recanalization; before — before re- 
canalization; CK = creatine kinase; TL = thallium-201; * = probability 
(p) value «0.05; ** = p «0.01 or 0.001 (when comparing the values 
before and after recanalization); SEM — standard error of the mean; ` 
Unsucc. = unsuccessful. 


was due to developing cardiogenic shock 4 days after an 
unsuccessful recanalization attempt. 


Discussion 


Control group: We use serum enzyme, scintigraphic 
and hemodynamic criteria to evaluate the effect of 
successful early reperfusion due to intracoronary 
thrombolysis in patients with acute myocardial in- 
farction. The group with an unsuccessful attempt at 
recanalization (group C) is considered the control group, 
indicating the natural course of acute myocardial in- 
farction. This control group fulfilled the following cri- 
teria: (1) The patients were studied invasively at iden- 
tical time intervals (early and late) after the onset of 
symptoms to those in the other two groups; (2) these 
patients were comparable at the initial study with pa- 
tients in the other groups regarding initial serum cre- 
atine kinase activity, thallium-201 perfusion defect, left 


ventricular ejection fraction, regional ejection fraction, 
left ventricular hemodynamics and dose of streptoki- 
nase administered; and (3) during the study interval the 
infarct vessel did not recanalize spontaneously (no 
spontaneous reperfusion). In this group serum creatine 
kinase activity increased to a peak value of 1,756 U/liter 
24 hours after the onset of symptoms, thallium-201 
scintigraphy revealed no change in the perfusion defect 
24 hours after admission and the regional ejection 
fraction of the infarct area decreased slightly 4 weeks 
after the early intervention. 

Recanalization groups: The two groups with suc- 
cessful reopening of the obstructed vessel due to intra- 
coronary thrombolysis (groups A and B) were separated 
on the basis of peak serum CK activity. Patients in 
group A had a peak value below 1,000 U/liter; those in 
group B had a peak value above 1,000 U/liter (Fig. 5). 

The size of the thallium-201 defect decreased in both 
groups, but the reduction was greater in group A. The 
regional ejection fraction of the infarct area increased 
significantly in group A only, whereas a slight but not 
significant increase was seen in group B. It is evident 
that patients in group A had the most favorable course 
after acute myocardial infarction when compared with 
patients in groups B and C. Serum enzyme, scintigra- 
phic and hemodynamic data demonstrate a significant 
salvage of jeopardized myocardium in group A but a less 
favorable result in group B. 

Serum CK activity as a measure of infarct size: 
Serum peak CK activity was used in this study to esti- 
mate the size of the area of myocardial necrosis.!-1? 
Vatner et al.!? showed in dog experiments that the en- 
zyme estimate of infarct size (serum CK analysis) and 
the pathologic estimate correlated significantly (r — 
0.94) when the coronary vessel was permanently oc- 
cluded. They also reported that these estimates corre- 
lated significantly (r = 0.90) even after reperfusion of 
the infarcted area, although the enzyme values overes- 
timated infarct size,!? because early reperfusion may 
facilitate enzyme washout from damaged cells. Thus, 
after reperfusion, CK activity may be disproportion- 
ately elevated at a given infarct size. Among our patients 
with successful recanalization, on the basis of peak CK 
activity we established two subgroups (groups A and B) 
in order to define the prerequisites for the optimal re- 
covery of left ventricular function after recanalization. 
In these two groups the peak CK levels after recanali- 
zation were lower than or even equal to values in the 
control group, thus indicating smaller areas of ne- 
crosis. 

Myocardial thallium uptake as a measure of 
myocardial perfusion and preserved myocardium: 
'The intracellular uptake of thallium is determined by 
regional myocardial blood flow and by the integrity of 
the myocardial cells.2° Necrotic tissue fails to accumu- 
late thallium, whereas restoration of flow to an ischemic 
area before tissue damage occurs will normalize thallium 
uptake.?!,22 Similar observations were reported???4 in 
several patients undergoing intracoronary fibrinolysis 
using intracoronary injection of thallium-201. Hence, 
changes in thallium uptake early after reperfusion re- 
flect recovery from ischemia. 
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We used the seven pinhole tomographic technique in 
our study. With this technique we took great care to 
align the collimator exactly with the long axis of the left 
ventricle. The technique is very sensitive to patient 
positioning; therefore, great care was also taken to re- 
produce the position as closely as possible in the sub- 
sequent studies: All raw data were screen for clipped 
edges or off center position in order to eliminate re- 
construction artifacts. In some instances it was neces- 
sary to readjust the position and to record a second 
image. Because of its limited angle aperture of less than 
180° the Z axis resolution of the seven pinhole colli- 
mator deteriorates with increasing distance from the 
collimator face (that is, toward the base of the heart). 
Thus, the thickness of individual cross sections through 
the myocardium is not identical at all levels; sections are 
thinner at the apex than at the base, resulting in an 
overrepresentation of the apical versus basilar slices. 
Because coronary occlusion affects the apex and the mid 
portion of the left ventricle this overrepresentation may 
produce an overestimation of ischemic area. However, 
because each patient was his or her own control, actual 
changes in infarct size should have been recorded ade- 
quately. The reproducibility of the method has been 
found to be excellent.”° 

Regional contraction function: Improvement in 
regional contractile function was observed in group A 
and was documented by significant augmentation of the 
regional ejection fraction of the infarct area in the left 
ventriculogram. Contractile function in both groups B 
and C showed no recovery, although patients in group 
B had successful reperfusion in contrast to those in 
group C. Experimental studies?9?7 revealed improve- 
ment of contractile function when reperfusion was es- 
tablished within 2 to 3 hours after coronary occlusion, 
the beneficial effect being critically dependent on the 
duration of ischemia. 

Factors affecting beneficial influence of reper- 
fusion: Patients in group A (those with the most fa- 
vorable result) had a shorter interval between the onset 
of symptoms and reperfusion (3.9 hours) than did pa- 
tients in group B (4.8 hours). In addition, angiographi- 
cally estimated collateral blood flow to the occluded 
coronary artery seemed to be adequate in 40 percent of 
patients in group A but in no patient in group B. Finally, 
the initial size of the thallium perfusion defect was 
slightly smaller in patients in group A than in those in 
group B, signifying a smaller infarcting area at risk in 
group A. Heart rate and left ventricular systolic pressure 
as determinants of myocardial oxygen consumption at 
the time of recanalization did not differ in groups A and 
B. The favorable result in group A can be explained by 
an additive effect of the modifying factors of ischemia: 
time of ischemia and severity of ischemia (residual flow 
to infarct area and size of area at risk). 

Our data suggest that in acute transmural infarction 
reopening of the occluded coronary artery due to in- 
tracoronary thrombolysis limits infarct size as estimated 
from serum enzyme, scintigraphic and hemodynamic 
measurements. The therapeutic success of the proce- 
dure is affected by the duration and severity of isch- 
emia. ° 
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A design that controls blood pressure 
without the following usual antihypertensive 
side effects’ 


> No cardiac depression > Rare impotence/loss of libido 
> No glucose intolerance — » Rare bronchospasm 

> No bradycardia > Rare tachycardia 

> No mental depression > Rare fatigue 

> No sleep disturbances 


> No nasal congestion 


> No hypokalemia 


ACE INHIBITOR 


CAPOTEN 
(captopril tablets) 


* Please see brief summary of prescribing information on the 
last page of this advertisement for INDICATIONS AND 
USAGE, WARNINGS, and ADVERSE REACTIONS. 
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CAP OTEN captopril tablets). 


Designed to control blood pressure 
even when coexisting disorders 
complicate hypertension management 


Unlike some other antihypertensive agents, CAPOTEN is 
appropriate for use in the presence of a wide range of 
cardiovascular and metabolic disorders that often coexist with 
hypertension. 


> Bronchospastic disease 
> Cardiac arrhythmias 

> Congestive heart failure 
> Diabetes mellitus 


> Hepatic disease 


Designed to control blood pressure 
when conventional multidrug regimens have 
proven inadequate 


In scores of clinical studies, the effectiveness of CAPOTEN in 
lowering elevated blood pressure has been proven in many kinds of 
hypertension —even in those types that are most difficult to treat. 


> Essential hypertension 
> Hypertension resistant to standard triple therapy (STT) 


> Hypertension associated with low, normal, and high 
plasma renin levels 


> Renovascular hypertension 


"Angiotensin Converting Enzyme 
* 


Designed to achieve your" 
therapeutic goals in hypertension 


Effective blood pressure 
200 control 


> Routine monitoring procedures are 
recommended because serious side 
effects (neutropenia/agranulocytosis, 
proteinuria) have been associated with 
CAPOTEN.* 


> Obtain urinary protein level estimates 
prior to initiating therapy, at monthly 
intervals for the first nine months of 
treatment, and periodically thereafter. 


> Obtain WBC counts at the initiation of 
therapy, at two-week intervals for the first 
three months of treatment, and 
periodically thereafter. 


> Carefully review the WARNINGS and 
ADVERSE REACTIONS sections in the 
complete prescribing information, with 
particular attention to the patient at 
increased risk. 





> The most frequently occurring adverse 
reactions are skin rash and taste 
alteration; both effects are generally 
mild, reversible, or self-limited. 






In hypertension... 
confidence comes with 


*Please see brief summary of prescribing information on the 
last page of this advertisement for INDICATIONS AND 
USAGE, WARNINGS, and ADVERSE REACTIONS. 


Captopril Tablets 

DESCRIPTION: Capoten (captopril) is a specific competitive inhibitor of angiotensin I- 
converting enzyme (ACE), the enzyme responsible for converting angiotensin | to angio- 
tensin Il. 


INDICATIONS: Because serious adverse effects have been reported (see WARNINGS), 
Capoten is indicated for treatment c* hypertensive patients who on multidrug regimens 
have either failed to respond satisfactorily or developed unacceptable side effects. Us- 
ually, multidrug regimens include combinations of a diuretic, a sympathetic nervous 
system-active agent (such as a beta-blocker) and a vasodilator. 

Capoten (captopril) is effective alone, but in the population described above, it should 
usually be used in combination with & thiazide-type diuretic. The blood pressure lowering 
effects of captopril and thiazides appear to be additive. 


WARNINGS: Proteinuria—Total urinary proteins >1 g/day were seen in 1.2% of patients 
on captopril; the nephrotic syndrome occurred in about “th of these cases. Existence 
of prior renal disease increased the likelihood of development of proteinuria. About 60% 
of affected patients had evidence of prior renal disease; the remainder had no known 
renal dysfunction. In most cases, proteinuria subsided cr cleared within 6 months whether 
or not captopril was continued, but some patients had persistent proteinuria. The BUN 
and creatinine were seldom altered in the proteinuric patients. 

Membranous glomerulopathy was *ound in nearly al! the proteinuric patients on capto- 
pril who were biopsied and may be drug related; this is uncertain since patients were not 
biopsied prior to treatment and membranous glomerulopathy may be associated with 
hyoertension in absence of captopril therapy. Since most cases of proteinuria occurred 
by the 8th month of captopril therapy, patients on captopril should have urinary protein 
estimates (dip-stick on 1st morning ur ne, or quantitative 24-hr urine—the latter provides 
greater precision when proteinuria is persistent and/or at low levels) before therapy, at 
approx. monthly intervals for the 1st 9 months of therapy, and periodically thereafter. 
For patients who develop proteinuria >1 g/day, or increasing proteinuria, the benefits 
and risks of continuing captopril should be evaluated. 

Neutropenia/Agranulocytosis—Neutropenia (—300/mm?) associated with myeloid 
hypoplasia (probably drug related) occurred in about 0.3% of captopril treated patients. 
About half of the neutropenic patients developed systemic or oral cavity infections or 
other features of agranulocytosis. Most of the neutropenic patients had severe hyperten- 
sion and renal function impairment; about half had systemic lupus erythematosus (SLE), 
or another autoimmune/collagen disorder; multiple concomitant drug therapy was com- 
mon, including immunosuppressive therapy in a few cases. Daily doses of captopril in 
the leukopenic patients were relatively high, particularly in view of their diminished renal 
function. The neutropenia appeared 3 to 12 weeks after starting captopril; it developed 
relatively slowly, taking 10 to 30 days to have white blood count fall to its nadir; neutro- 
 phils returned to normal in about 2 weeks (other than 2 patients who died of sepsis). 

Use captopril with caution in patients with impaired renal function, serious auto- 
immune disease (particularly SLE), or who are exposec to other drugs known to affect 
the white cells or immune response. In patients at particular risk (as noted above), 
perform white blood cell and differential counts prior to therapy, at about 2-week intervals 
for about the 1st 3 months of therapy, and periodically thereafter. 

Tre risk of neutropenia in patients who are less seriously ill or who receive lower 
dosages appears to be smaller, and it is sufficient in these patients to have white blood 
cell counts every 2 weeks for the 1st 3 months of therapy, and periodically thereafter. 
Perform differential counts when leukocytes are <4000/mm or the pretherapy white 
court is halved. All patients treated with captopril should be told to report any signs of 
infection (e.g., sore throat; fever); if infection is suspectec, perform counts without delay. 
Since discontinuation of captopril and other drugs has generally led to prompt return 
of the white count to normal, upon confirmation of neutropenia (neutrophil count 
« 1000/ mm?) withdraw captopril and closely follow the patient's course. 


Hypotension—Excessive hypotension was rarely seen in hypertensive patients but is a 
possible consequence of captopril use ir severely salt/volume depleted persons such as 
those treated vigorously with diuretics, e g., patients with severe congestive heart failure 
(see PRECAUTIONS [Drug Interactions]). 


PRECAUTIONS: General: /mpaired Renal Function—Sorme patients with renal disease, 
particularly those with severe renal artery stenosis, have developed increases in BUN 
and serum creatinine after reduction of blood pressure with captopril. It may be necessary 
to reduce captopril dosage and/or discontinue diuretic. For some of these patients, nor- 
malization of blood pressure and maintenance of adequate renal perfusion may not be 
possible (see DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Labora- 
tory Findings]). Surgery/Anesthesia—During major surgery or anesthesia with agents that 
produce hypotension, captopril will block angiotensin || formation secondary to com- 
pensatory renin release; if hypotension occurs and is considered due to this mechanism, 
it is correctable by volume expansion. 

Drug Interactions: Hypotension: Patients on Diuretic Therapy—A precipitous reduction of 
blood pressure may occasionally occur within the 1st 3 hours after administration of the 
initial captopril dose in patients on diuretics, especially these recently placed on diuretic 
therapy and those on severe dietary salt restriction or dialysis. The possibility of hypo- 
tensive effects can be minimized by either discontinuing the diuretic or increasing the 
salt intake about 1 week prior to initiation of captopril therapy. Alternatively, provide 
medical supervision for at least 3 hours after the initial dose. If hypotension occurs, 
place the patient in a supine position and, if necessary, administer an I.V. infusion of 
normal saline. This transient hypotensive response is not a contraindication to further 
doses which can be given without difficulty once the blood pressure has increased after 
volume expansion. 

Agents Causing Renin Reiease—Captopril's effect will be augmented by antihyperten- 
sive agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be 
especially important in supporting blood pressure in patients receiving captopril alone or 
with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect 
to captopril, but the overall response is less than additive. Therefore, use agents affecting 
sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron blocking 
agents) with caution. 

Agents Increasing Serum Potassium—Since captopril decreases aldosterone pro- 
duction, elevation of serum potassium may occur. Give potassium-sparing diuretics or 
potassium supplements only for documented hypokalemia, and then with caution, since 
they may lead to a significant increase of serum potassium. If the patient has received 
spironolactone at any time up to several months prior to captopril therapy, determine 
the serum potassium frequently since the effect of spironolactone persists. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for 
acetone 
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year studies with doses 
of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic 
potential. 


Animal Toxicology: Chronic oral toxicity studies were conducted in rats (2 years), dogs 
(47 weeks; 1 year), mice (2 years), and monkeys (1 year). Significant drug-related toxicity 
included effects on hematopoiesis, renal toxicity, erosion/ulceration of the stomach, and 
variation of retinal blood vessels. Reductions in hemoglobin and/or hematocrit values 
were seen in mice, rats, and monkeys at doses 50 to 150 times the maximum recom- 
mended human dose (MRHD). Anemia, leukopenia, thrombocytopenia, and bone marrow 
suppression occurred in dogs at doses 8 to 30 times MRHD. The reductions in hemo- 
globin and hematocrit values in rats and mice were only sighificant at 1 year and returned 
to normal with continued dosing by the end of the study. Marked anemia was seen at 
all dose levels (8 to 30 times MRHD) in dogs, whereas moderate to marked leukopenia 
was noted only at 15 and 30 times MRHD and thrombocytopenia at 30 times MRHD. 
The anemia could be reversed upon discontinuation of dosing. Bone marrow suppression 
occurred to a varying degree, being associated only with dogs that died or were sacri- 
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30 times MRHD, bone marrow suppression was found to be reversible upon continue 
drug administration. Captopril! caused hyperplasia of the juxtaglomerular apparatus of th 
kidneys at doses 7 to 200 times the MRHD in rats and mice, at 20 to 60 times MRH 
in monkeys, and at 30 times the MRHD in dogs. Gastric erosions/ulcerations were ir 
creased in incidence at 20 and 200 times MRHD in male rats and at 30 and 65 times MRH! 
in dogs and monkeys, respectively. Rabbits developed gastric and intestinal ulcers whe 
given oral doses about 30 times MRHD for only 5 to 7 days. In the two-year rat study, irre 
versible and progressive variations in the caliber of retinal vessels (focal sacculation 
and constrictions) occurred at all dose levels (7 to 200 times MRHD) in a dose-relate 
fashion. The effect was first observed in the 88th week of dosing, with a progressivel 
increased incidence thereafter, even after cessation of dosing. 
Pregnancy: Category C—Captopril was embryocidal in rabbits when given in doses”? to 7! 
times (on a mg/kg basis) the maximum recommended human dose. The marked em 
bryocidal effect in rabbits was most probably cue to the particularly marked Mond 
in blood pressure caused by the drug in this species. Captopril given to pregnant rats 
400 times the recommended human dose continuously during gestation and lactatior 
reduced neonatal survival. No teratogenic effects (malformations) have been seen afte 
large doses of captopril in hamsters, rats, and rabbits. 

There are no adequate and well-controlled studies in pregnant women. Captopri 
should be used during pregnancy only if the potential benefit justifies the potential risl 
to the fetus. 


Nursing Mothers: Concentrations of captopril in human milk are about 196 of those ii 
maternal blood. The effect of low levels of captopril on the nursing infant has not beer 
determined. Exercise caution when administering captopril to a nursing woman, and, ii 
general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established althougl 
there is limited experience with use of captopril in children from 2 months to 15 year: 
of age with secondary hypertension and varying degrees of renal insufficiency. Dosage 
on a weight basis, was comparable to that used in adults. Captopril should be used ir 
children only if other measures for controlling blood pressure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving abou 
4000 patients. 

Renal—One to 2 of 100 patients developed proteinuria (see WARNINGS). Renal in 
sufficiency, renal failure, polyuria, oliguria, and urirary frequency in 1 to 2 of 1000 patient 
but relationship to drug use is uncertain. 

Hematologic—Neutropenia/agranulocytosis (probably drug related) occurred in abou 
0.3% of captopril treated patients (see WARNINGS). Two of these patients develope 
sepsis and died. 

Dermatologic —Rash (usually maculopapular, rarely urticarial), often with pruritus ani 
sometimes with fever and eosinophilia, in about 10 of 100 patients, usually during the 1s 
4 weeks of therapy. The rash is usually mild and d'sappears within a few days of dosag 
reduction, short-term treatment with an antihistaminic agent, and/or discontinuing the 
apy; remission may occur even if captopril is continued. Pruritus, without rash, in abou 
2 of 100 patients. Between 7 and 10% of patients with skin rash have shown an eosino 
philia and/or positive ANA titers. A reversible associated pemphigoid-like lesion, anı 
photosensitivity have also been reported. Angioedema of the face, mucous membrane: 
of the mouth, or of the extremities in about 1 of 100 patients—reversible on discontinu 
ance of captopril therapy. One case of laryngeal edema reported. Flushing or pallor ir 
2 to 5 of 1000 patients. 

Cardiovascular—Hypotension in about 2 of 100 patients. See PRECAUTIONS (Druc 
Interactions) for discussion of hypotension on initiation of captopril therapy. Tachycardia 
chest pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardia 
infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 100€ 
patients. 

Dysgeusia—About 7 of 100 patients developed a diminution or loss of taste percep: 
tion; taste impairment is reversible and usually self-limited even with continued drug use 
(2 to 3 months). Weight loss may be associated with the loss of taste. Gastric irritation 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, anc 
paresthesias reported in about 0.5 to 2% of patients but did not appear at increasec 
frequency compared to placebo or other treatments used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although nc 
causal relationship has been established. A single case of hepatocellular injury with 
secondary cholestasis has been reported in association with captopril use. A transient 
elevation of BUN and serum creatinine may occur, especially in volume-depleted or reno- 
vascular hypertensive patients. In instances of rapid reduction of longstanding or severely 
elevated blood pressure, the glomerular filtration rate may decrease transiently, alsc 
resulting in transient rises in serum creatinine and BUN. Small increases in serum potas- 
sium concentration frequently occur, especially in patients with renal impairmené (see 
PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with ar 
I.V. infusion of normal saline is the treatment of choice for restoration of blood pres- 
sure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before 
meals. Dosage must be individualized. 

Give consideration to recent antihypertensive drug therapy, extent of blood pressure 
elevation, salt restriction, and other circumstances before initiating therapy. If possible, 
discontinue the patient's previous antihypertensive drug regimen for one week before 
starting captopril. Initial dose of CAPOTEN (captopril) is 25 mg t.i.d. If satisfactory blood 
pressure reduction is not achieved after 1 or 2 weeks, dose may be increased to 50 mg 
Li.d. If the blood pressure has not been satisfactorily controlled after another 1 to 2 weeks, 
add a modest dose of a thiazide-type diuretic (e.g., hydrochlorothiazide, 25 mg daily). 
The diuretic dose may be increased at 1- to 2-week intervals until its highest usual anti- 
hypertensive dose is reached. If further blood pressure reduction is required, CAPOTEN 
(captopril) may be increased to 100 mg t.i.d. and then, if necessary, to 150 mg t.i.d. 
(while continuing the diuretic). The usual dose range is 25 to 150 mg t.i.d. A maximum 
daily dose of 450 mg CAPOTEN (captopril) should not be exceeded. 

For patients with accelerated or malignant hypertension, when temporary discontinua- 
tion of current antihypertensive therapy is not practical, or when prompt titration to more 
normotensive blood pressure levels is indicated, currert antihypertensive medication may 
be stopped and CAPOTEN (captopril) dosage promptly initiated at 25 mg t.i.d., under close 
medical supervision. The daily dose of CAPOTEN (captopril) may be increased every 24 
hours until a satisfactory blood pressure response is obtained or the maximum captopril 
dose is reached. In this regimen, addition of a more potent diuretic, e.g., furosemide, 
may also be indicated. Beta-blockers may also be used in conjunction with captopril 
therapy (see PRECAUTIONS [Drug Interactions]), but tne effects of the 2 drugs are less 
than additive. ] 

Dosage Adjustment in Renal Impairment—Because CAPOTEN (captopril) is excreted 
primarily by the kidneys, excretion rates are reduced in patients with impaired renal func- 
tion. These patients will take longer to reach steady-stete captopril levels and will reach 
higher steady-state captopril levels for a given daily dose than patients with normal renal 
function. Therefore, these patients may respond to smaller or less frequent doses. Ac- 
cordingly, for patients with significant renal impairment, initial daily dosage of CAPOTEN 
(captopril) should be reduced, and smaller increments utilized for titration, which should 
be quite slow (1- to 2-week intervals). After desired therapeutic effect has been achieved, 
cose should be slowly back-titrated to determine minimal effective dose. When con- 
comitant diuretic therapy is required, a loop diuretic (e.g., furosemide), rather than a 
thiazide diuretic, is preferred in patients with severe renal impairment. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in tablets of 25, 50, and 100 mg in bottles of 100, and in 
UNIMATIC® unit-dose packs of 100 tablets. 


YOUR HOLTER REPORT 
COULD BE MISSING 
BEATS LIKE THIS... 


AND YOU D NEVER 
EVEN KNOW IT. 
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The typical 24-hour Holter report gives you The Eliminator is also far less expensive 
very few of your patient's heartbeats. And, than most scanning systems. Its Full 

what you do see is selected by someone Disclosure report can be prepared right in 
else. As you know, technical zc. your own office or hospital. 
and human errors do occur. Lc By your own staff. No more 
This means your Holter c long waits for Holter results. 
reports may be missing And no more bills from the 
serious arrhythmias. scanning service. 
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Unfortunately, you ll never Verifiable accuracy. Mail to: Judy St. John AJC 7/82 
know. | Fast turnaround. American Edwards Laboratories 
That's why American Low cost. P.O. Box 11150 


Santa Ana, CA USA 92711 


[ ] Tell me how the Eliminator can benefit my 
practice economically. 


* [ ]Senda free sample print out. 
> L] I'd like a demonstration. 


Edwards Laboratories 
developed the Full Disclosure 
Eliminator™ In just three 
minutes, any one of your 
employees can print out 


That's what the Eliminator 
is all about. If can improve 
your patient management 
and benefit your practice 
economically. Call or write 





every beat from a 24-hour today for more information. > Tum : 
Holter tape. Now, for the Find out for yourself whythe — : 1" - 
firsttime, you can see each of your patients Eliminator is fast becoming the Holter system £ "OSPa! 
beats and decide for yourself which of choice among cardiologists. Phone s EROS 
arrhythmias are significant. 714/557-8910 or 800/854-6958 Ext. 329 ER. a 


But accuracy is only part of the picture. outside California. 
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The difference 
between night... 


RESTORIL' (temazepam) blood levels after consecutive nightly 30-mg doses! 


night 











morning* 








before the 


next dose* 
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RESTORIL* (temazepam): Effective at night— wereattained by patients who had taken a 30-mg dose of 
little residual daytime medication— flurazepam prior to bedtime. 


; Patients receiving benzodiazepines should be cautioned about 
patients awake alert and refreshed possible combined effects with alcohol and other CNS depressants, 


The half-life of RESTORIL (temazepam) parallels normal sleep and about operating machinery or driving a vehicle after ingesting 
time. In contrast, ies major active metabolite of flurazepam has a the drug. . | 
65-hour mean half-life. With RESTORIL therapy, a major portion : ; JEN : 
of active material is cleared by early noening d aine natieris to Sleep time and q a ali ty signif icantly mnp roved 
awake alert and refreshed. ` In 21 double-blind studies” involving 1,221 adult patients (508 of 
whom received RESTORIL capsules), RESTORIL therapy proved 
No significant impairment of highly effective from the first night of administration. RESTORIL 
: "agde ng (temazepam) is indicated for the relief of insomnia associated with 
daytime activities the complaints of difficulty in falling asleep, frequent nocturnal 
In double-blind, placebo-controlled studies," no detectable awakenings and/or early morning awakenings from the first night. 
impairment in cognitive function or motor coordination occurred in REM sleep remained essentially unchanged. Patients reported a 
patients who had taken a 30- mg dose of RESTORIL (temazepam) — significant improvement in the general quality of sleep. 
the night before. In the same studies, poorer performance scores 
*night: 3 hours after a nightly 30- mg dose. *morning: 12 hours after a 
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Works one night at a time... 
from the first night. dis 


RESTORI 


(temazepam). 
iypnotic action with insignificant accumulation 





R ESTOR IL" (temazepam] C-IV capsules 


One 30-mg capsule. h.s.—usual adult dosage. 

One 15-mg capsule. h.s.—recommended initial dosage 
for elderly and or debilitated putients. 

INDICATIONS AND USAGE: Restoril® (temaze- 
pam) is indicated for the relief of insomnia associated 
with complaints of difficulty in falling asleep. frequent 
nocturnal awakenings. and/or early morning awaken- 
ings. Since insomnia is often transient and intermit- 
tent. the prolonged administration of Restoril is gen- 
erally not necessary or recommended. Restoril has 
been employed for sleep maintenance for up to 35 
consecutive nights of drug administration in sleep lab- 
oratory studies. 

The possibility that the insomnia may be related to a 
condition for which there is more specific treatment. 
should be considered. 

CONTRAINDICATIONS: Benzodiazepines may 
cause fetal damage when administered during preg- 
nancy. An increased risk of congenital malformations 
associated with the use of diazepam and chlordiaz- 
epoxide during the first trimester of pregnancy has 
been suggested in several studies. Also. ingestion of 
therapeutic doses of benzodiazepine hypnotics during 
the last weeks of pregnancy has resulted in neonatal 
CNS depression. Restoril is contraindicated in preg- 
nant women. Consider a possibility of pregnancy 
when instituting therapy or whether patient intends to 
become pregnant. 

WARN CS: Patients receiving Restoril (temaze- 
pam) should be cautioned about possible combined 
effects with alcohol and other CNS depressants. 
PRECAUTIONS: In elderly and/or debilitated 

atients. it is recommended that initial dosage be lim- 
ited to 15 mg. The usual precautions are indicated for 
severely depressed patients or those in whom there is 
any evidence of latent depression: it should be recog- 
nized that suicidal tendenaes may be present and pro- 
tective measures may be necessary. 

If Restoril is to be combined with other drugs hav- 
ing known hypnotic properties or CNS-depressant 
effects. due consideration should be given to potential 
additive effects. 

Information for Patienis: Patients receiving Restoril 
should be cautioned about possible combined effects 
with alcohol and other CNS depressants. Patients 
should be cautioned not to operate machinery or drive 
a motor vehicle. They should be advised of the possi- 
bility of disturbed nocturnal sleep for the first or sec- 
ond night after discontinuing the drug. 

Laboratory Tests: The usual precautions should be 
observed in patients with impaired renal or hepatic 
function. Abnormal liver function tests as well as blood 
dvscrasias have been reported with benzodiazepines. 
Pregnancy: Pregnancy Category X. See Contraindica- 
tions. 

Pediatric Use: Safety and effectiveness in children 
below the age of 18 years have not been established. 
ADVERSE REACTIONS: The most common 
adverse reactions were drowsiness, dizziness and leth- 
argy. Other side effects include confusion. euphoria 
and relaxed feeling. Less commonly reported were 
weakness. anorexia and diarrhea. Rarely reported 
were tremor. ataxia. lack of concentration. loss of 
equilibrium, falling and palpitations. And rarely 
reported were hallucinations. horizontal nystagmus 
and paradoxical reactions, including excitement, stim- 
ulation and hyperactivity. 

Restoril is a controlled substance in Schedule IV. 
Caution must be exercised in addiction-prone individ- 
uals or those who might increase dosage. 

DOSAGE AND ADMINISTRATION: Adults: 30 mg 
usual dosage before retiring: 15 mg may suffice in 
some. Elderly and/or debilitated: 15 mg recommended 
initially until individual response is determined. 

SUPPLIED: Restoril (temazepam) capsules—15 mg 
maroon and pink, imprinted "REsTORIL 15 mg": 
30 mg. maroon and blue, imprinted "RESTORIL 
30 mg”. Packages of 100, 500 and ControlPak® pack- 
ages of 25 capsules (continuous reverse-numbered roll 
of sealed blisters). SDZI-159 


Before prescribing, see package insert for full product 
information. 
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Based on the proceedings of the 2nd Inter- 
national Conference on Nosocomial Infections 
held August 5 - 8, 1980 in Atlanta, Georgia and 
sponsored by the Center for Disease Control, this 
book provides between two covers the most com- 
prehensive, in-depth study of this international 
problem published in 10 years. This major 
reference is divided into 11 sections consisting of 
50 chapters written by over 100 internationally 
known experts. 


The book includes: 

* An update of disease trends since the 1st Inter- 
national Conference held a decade earlier 

* New information on the efficacy of specific 
approaches to infection control 

* Discussions on how to implement effective in- 
fection surveillance and control programs 

* Coverage of the increasing importance of anti- 
microbial resistance of nosocomial pathogens 

* [nformation on the potential usefulness of 
antimicrobial prophylaxis in selected patient 
groups 

and many other topics. 
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INTERMEDICS BRINGS A-V SEQUENTIA 
PACING DOWN TO SIZE. 
AGAIN. 


INTRODUCING AVIUS. 
THE SMALLEST, LIGHTEST, MOST ADVANCED DUAL CHAMBER 
PACING SYSTEM AVAILABLE. 
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OUR PATIENTS 
AN FEEL BETTER 
ND LIVE A MORE 
CTIVE LIFE. 








Because it mimics 
the natural depolar- 
ization sequence 
of the heart, A-V 
sequential pacing is 
superior to standard 
| n ventricular pacing 
achieving optimum cardiac output 
d efficiency. 
-V sequential pacing is especially 
ective for patients with compromised 
ocardial function, mitral or tricuspid 
ve disease, decreased compliance of 
» ventricle and angina pectoris. Many 
ients consequently fee! better and 
do more,thereby enjoying a more 
tive lifestyle. 
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pacemaker with AVIUS. At 68 grams and 11 mm 
thin, it is the most compact system of its kind 
currently available. 

But AVIUS is no lightweight when it comes to per- 
formance. The pacemakers proven microminiatur- 
ized circuitry gives you more opportunity to tailor 
the prescription to the individual needs of each 
patient than any other A-V sequential pacemaker. 

It is multi-programmable in three pacing modes: 

¢ A-V Sequential Demand Mode (DVI) 

¢ Demand Ventricular Mode (VVI) 

* Asynchronous A-V Sequential Mode (DOO) 

15 pulse rates, 15 pulse widths and 7 sensitivity 
levels are all programmable with the sophisticated, 
yet easy-to-use programmer. 


Intermedics PolyFlex® leads offer the flexibility and 
maneuverability physicians demand. Made from 
durable polyurethane, they are smaller and more 
supple than conventional leads. The dual unipolar 


Actual Size 





A RR OEE me ee a 


| ll ee ^ mes 


H 


lead concept allows both leads to pass through 
one introducer into a single vein. The J-shaped 
+ atrial lead enhances 

ease of placement, 
and the tined lead tip, 
in conjunction with 
the J-shape, provides 
better lead stability. 
Two atrial- J lead 
sizes are available. 


VICIS is a complete pacing system, with EKG 
ransmitter, A-V Mini-Clinic and programmer 
omplementing the leads and pulse generator. All 
bf these components are designed to work in a 
ompatible manner, offering the finest technology 
available to benefit your patients. By bringing A-V 
sequential pacing down in size and up in perfor- 
ance, Intermedics is continuing to help you meet 

our patients’ needs. 





cational materials, including article reprints, video 
tapes and films of actual implants. Or call us toll free 
at 1-800-231-2330 (in Texas call 1-800-392-3726). 
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Avius™ Model 263-01 








Nominal Parameters and Product Information 

Configuration and Modes Physical Characteristics 
Pacing Configuration ................... Dual unipolar LN TETE S E we» se pepiwiqes 4 Titanium 
HMM Modit iosdeesetk)exwevevexend DVI, DOO, VVI DON IERES E E OIE coe ERA Dic MR A de ad Herrnetic 
Lead Compatibility ................. Accepts leads with a. MEPTERTRTET ULT TII Biologically compatible epoxy 
5 mm connectors Suture HolePlug ......... Medical grade silicone rubber 
SO BOR. uo gusce pcd eee edid Acetal polymer 
Programmable Functions WG as cds TRITT IT TET 6.0 x 4.7 x 1.14 cm 
Stimulation Rates ...... 30, 40, 50, 60, 66, 69, 72, 76, 80, WIES oobis éd VEND d wwaddtekbtueredm EM 68g 

85, 90, 96, 103, 111, 120 ppm 

Pulse Widths ........... 0.15, 0.31, 0.46, 0.61, 0.76, 0.92, Elective Replacement Indicator............ A drop of 
107, 122.137, 159, 108, LSS. approximately 7 ppm 
1.98, 2.14, 2.29 msec from the beginning-of-service 
Negative Sensitivities! ....... lowest (—2.8), lower (—1.9), Power Cell Voltage (Available ......... A decline from 2.8 
low (—1.5), normal (—1.2), high via telemetry) to 2.2 volts 


(—1.0) higher (—0.8), highest 


(—0.6) mV 
uo ANPKTRUTITCUTTQQTTTODO T T DVI, DOO, WI 
Vo n en ceusoeiarcro ceris On (transmission terminates 

automatically after 15 pace 
or sense events) 
Operating Parameters 
Beginning-of-Service Magnetic Rate ............ 90 ppm 
Beginning-of-Service Pulse Amplitude? ............ 48V 
(at leading edge) 
End-of-Service Pulse Amplitude* at 
Indicated Elective Replacement 
2o o! EMRRETETE TRITT ETT Not less than 3.6 V 
(at leading edge) 
Beginning-of-Service 
DuippitCumen?. ii. 9.6 mA (at leading edge) 
Positive Sensitivities’ ................. +1.5 to +4.2 mV 
A-V Delay (DOO and DVI modes) ........ ....199 msec 
Refractory Period (In DVI........ 332 msec for rates 30 to 
mode, this period includes a 103 ppm, 290 msec for 
155-millisecond A-V delay) rates 111 and 120 ppm 
Escape Interval (from a sensed ......... 0.1 to 10.0 msec 
ventricular event to shorter than the 
.the next atrial programmed stimulus 
stimulating pulse) interval 
Protection Against "Noise" .......... Reverts to fixed-rate 
(EMI above 15 events/ second) pacing at 90 ppm? 
in Demand Modes 
High-Rate (runaway) ........ ‘. Rate limited to a maximum 
Protection of 125.7 ppm 
Power Source 
DURE TVPG issocss obe kenn Single lithium-iodine cell 
DO TB auod dere wes ka dd acea EO TE 2.8V 
Ce OAT sacer Ea awake 3.0 AH 


CU ERWIN voira inai 78 WH 


'using a 40 msec haversine (sine?) test pulse. 

*measured when pacing into a 500-ohm load at 72 ppm and a pulse width of 0.61 
msec (atrial and ventricular outputs). 

"if the pulse generator has been programmed to a rate greater than 90 ppm, it will 
pace at the programmed rate. 

“the model 263-01 has a small protrusion on each side of the connector portion 
of the pulse generator. The width of the pulse generator at this point is 1.4 cm. 


AVIUS is a trademark of Intermedics, Inc. 
© Intermedics, Inc., February 1982 
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INDICATIONS FOR USE: Implantable cardiac pulse generators may be indicated for long-term 
treatment of impulse formation or conduction disorders resulting in symptomatic bradyar- 
rhythmias, tachyarrhythmias, and heart block unresponsive tc drug therapy. 

A-V sequential pacing is specifically indicated for treatment of conduction disorders that 
require restoration of both rate and atrio-ventricular synchrony. A-V sequential pacing may 
also be indicated for patients with extensive myocardial infarction with A-V block and sinus 
bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: There are no known contraindications to the 
use of pacemakers as a medical method for control of heart rate. Body rejection phenomena, 
local tissue reaction or skin necrosis, muscie and nerve stimulation, embolism, and cardiac 
tamponade have been reported. 


PRECAUTIONS: See the “Cautionary Notes" section of the Physicians’ Manual for the Inter- 
medics cardiac pulse generator to be implanted. Discussion includes Possible Complications, 
Environmental Hazards (electrocautery, diathermy, defibrillation, therapeutic radiation, home 
appliances, and industrial and special environments), and Effects of Drugs. 





CLINICAL STUDIES—II 


. |notropic Contractile Reserve: A Useful Predictor of 
Increased 5 Year Survival and Improved Postoperative 
Left Ventricular Function in Patients With 

Coronary Artery Disease and Reduced Ejection Fraction 


RICHARD W. NESTO, MD The increase in left ventricular ejection fraction produced by postex- 
LAWRENCE H. COHN, MD, FACC trasystolic potentiation or epinephrine infusion has been used to dem- 
JOHN J. COLLINS, Jr., MD, FACC onstrate inotropic contractile reserve in patients with coronary artery 
JOSHUA WYNNE, MD, FACC disease and a depressed ejection fraction (less than 0.50). Prior studies - 


LEONARD HOLMAN, MD, FACC 


PETER F. COHN, MD, FACC have shown that a change in ejection fraction of 0.10 or more after post- 


extrasystolic potentiation or epinephrine infusion is helpful in discrimi- 
Boston, Massachusetts nating those patients with a better short-term (1 year) prognosis whether 
treated medically or surgically. This study related inotropic contractile 
reserve to 5 year prognosis in 54 patients receiving postextrasystolic 
potentiation or epinephrine infusion between 1971 and 1974. Current left 
ventricular function in surviving patients was assessed with radionuclide 
ventriculograms whenever possible. Five year survival was significantly 
better in patients with an initial change in ejection fraction greater than 
0.10 in both the surgically treated group (16 of 20 versus 5 of 15, p <0.01) 
and the medically treated group (6 of 8 versus 1 of 11, p <0.01). Fur- 
thermore, among the surviving patients in the surgical group, current 
ejection fraction in the radionuclide ventriculogram was significantly 
greater in patients who demonstrated inotropic contractile reserve in their 
1971 to 1974 contrast left ventriculogram. These findings support the 
concept that coronary revascularization enhances function of ischemic 
but viable myocardium. 


Patients with coronary artery disease and normal left ventricular func- | 
tion have been shown to have a better short-term prognosis—whether 
treated medically!” or surgically?4^— than do patients with depressed 
left ventricular function as assessed by a reduced ejection fraction 
(<0.50). Patients with a reduced ejection fraction tend to have a greater - 
operative risk, less symptomatic improvement and a shorter overall 
survival time. Previous studies in this laboratory? showed that (1) post- — 
extrasystolic potentiation or epinephrine infusion during ventricu- 
lography may improve segmental wall motion abnormalities in patients 
with a reduced ejection fraction, and (2) patients with an increase of 0.10 
or more in ejection fraction induced by either intervention at the time 
of cardiac catheterization have a better short-term (1 year) prognosis, 
whether treated medically or surgically, than do patients with a lesser 
increase in ejection fraction. The purpose of this study was to provide 
5 year follow-up data on these patients. In addition, we used radionuclide 
ventriculography to determine whether left ventricular function in 


From the Departments of Medicine, Surgery, and 
Radiology, Brigham and Women's Hospital and 
Harvard Medical School, Boston, Massachusetts 


02115. Manuscript received November 17, 1981; surviving patients could be related to the degree of improvement in 
revised manuscript received January 26, 1982, ejection fraction induced by either postextrasystolic potentiation or 
accepted February 11, 1982. vm epinephrine infusion during 1971 to 1974 period. Because most of the 
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Methods 


Patient selection: The present series consists of 54 patients 
who were studied at the Peter Bent Brigham Hospital? from 
1971 to 1974. (Two additional patients in the original series 
were lost to the follow-up study.) There were 47 men and 7 
women with an average age of 47 years. Selection criteria in- 
cluded (1) angiographic evidence of obstructive coronary ar- 
tery disease (in at least one major vessel system), (2) a ven- 
triculographic ejection fraction of less than 0.50, and (3) the 
use of inotropic stimulation during ventriculography as de- 
scribed later. These patients do not represent a truly con- 
secutive series; instead each patient served as his or her own 
control for the measurements to be described. 

Catheterization studies: Coronary arteriography was 
performed with either the Sones or Judkins technique. Sev- 
enty-five percent or greater stenosis of coronary luminal di- 
ameter was considered significant obstruction. Left ventric- 
ular end-diastolic pressure was measured at high gain using 
fluid-filled catheters. Cardiac output was determined with the 
green dye indicator-dilution technique. 

Left ventriculography was performed with a multihole 
angiographic catheter using power injections of 35 to 50 ml of 
Renografin-76® over 3 to 4 seconds. Systolic ejection fraction 
(EF) was calculated from the equation 


EF = (EDV — ESV)/EDV, 


where EDV and ESV = end-diastolic and end-systolic volume, 
respectively. The appropriate volumes were determined from 
sequential end-diastolic and end-systolic silhouettes of the 
left ventricle in either a single plane (30° right anterior 
oblique) projection or a biplane (30° right anterior oblique and 
60° left anterior oblique) projection using a grid calibration 
system and area-length formulas for a prolate ellipsoid, as 
reported previously.® (the ellipsoid model is less reliable when 
a frank aneurysm is present than when it is absent, and this 
is a recognized limitation of the technique.) The aortic valve 
and apex were used as reference points. No attempt was made 
to correct for downward displacement of the base or rotation 
of the heart, nor was a regression equation used to correct to 
“true” volumes. The ejection fraction in normal subjects is 
0.66 + 0.15 (mean + 2 standard deviations) in our laboratory, 
using either single plane or biplane techniques.? A value of less 
than 0.50 (more than 2 standard deviations from the norm) 
is considered abnormal; this value is close to that (<0.45) cited 
as abnormal by the American Heart Association.’ Treatment 
with propranolol was discontinued 24 to 48 hours before car- 
diac catheterization to avoid effects of this drug on hemody- 
namic and ventriculographic measurements. 

Inotropic stimulation: After the patient gave informed 
consent, inotropic stimulation was performed either by 
infusion of epinephrine or by postextrasystolic potentiation. 
The techniques and protocols involved in both methods were 
previously described in detail.5? Briefly, the epinephrine 
ventriculogram was performed in 14 subjects approximately 
30 minutes after the control ventriculogram and 9 minutes 
after a 1 to 4 ug/min infusion of epinephrine had begun. The 
dose of epinephrine was determined by heart rate response. 
Ejection fraction in the epinephrine ventriculogram was 
compared with that of the same numbered beat in the control 
ventriculogram. 

Postextrasystolic potentiation was used in 40 subjects. The 
ejection fraction in the sinus beat preceding the ventricular 
premature contraction was compared with the ejection frac- 
tion in the potentiated beat following it. In most patients, the 
ventricular premature contraction was elicited using a bipolar 
pacing catheter positioned in the right ventyicle and attached 
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to an R wave-coupled stimulator (developed by B. Berkovits, 
American Optical Company). This technique enables the in- 
vestigator to introduce a single extrasystole at a known, safe 
interval from the preceding R wave during the first three beats 
after complete opacification of the ventricle, before there are 
significant hemodynamic changes due to the angiographic 
contrast medium.!9?.!! When this device is not available ven- 
tricular premature contractions can be introduced by other 
means: (1) by pulling a catheter back through the right ven- 
tricle into the right atrium, and (2) as a result of the power 
injection of angiographic contrast medium into the left ven- 
tricle. In this study, extrasystoles induced by the alternate 
techniques were evaluated only if they (1) were single and 
occurred within the first three beats after complete opacifi- 
cation of the ventricle, and (2) occurred within approximately 
the same R-R interval (310 to 480 ms) obtained with the R 
wave-coupled stimulator. Twelve such cases were included 
in the total of 40 in our study; in analyzing changes due to 
postextrasystolic potentiation, we found no consistent pattern 
attributable to any one method of introducing extrasys- 
toles. 

Radionuclide ventriculography: Equilibrium-gated ra- 
dionuclide ventriculograms were obtained in the left anterior 
oblique position in 15 patients in 1980. The technique used 
in our hospital was described in a previous study,!? which also 
documented the reproducibility of the technique as well as the 
close correlation between ejection fractions derived from ra- 
dionuclide and contrast ventriculograms. Briefly, red blood 
cell labeling was effected by antecubital intravenous injection 
of unlabeled stannous pyrophosphate followed by techne- 
tium-99m as pertechnetate 15 to 20 minutes later. A 30? 
caudally tilted slant-hole collimator was used to maximize the 
separation between the ventricles and the atria and to visu- 
alize the left ventricle perpendicular to its long axis. Ven- 
tricular ejection fraction was calculated from the time-activity 
curves that were generated after identification of the ven- 
tricular region of interest. 


Follow-Up Data 


Surgical group: Thirty-five patients with angina pectoris 
underwent coronary bypass surgery. Seventeen also had 
symptoms of severe heart failure (New York Heart Associa- 
tion!? class III or IV) and six underwent aneurysmectomy as ° 
well. Two others without angina underwent only aneurys- 
mectomy. The interval between catheterization and surgery 
averaged 33 days and no new myocardial infarction occurred 
during that period. Ten patients still followed up at the Peter 
Bent Brigham Hospital were interviewed and examined by 
one of us (R.N.). Patients who returned to the care of their 
primary physician were interviewed by telephone and their 
status confirmed by subsequent visits to their primary phy- 
sician. 

Patients were classified according to the presence of con- 
gestive heart failure symptoms using the New York Heart 
Association scale in the immediate preoperative period and 
at the end of the follow-up period. Five year survival data were 
determined from the date of operation. Early perioperative 
mortality was defined as death at or during the first 60 days 
after surgery. Late cardiac mortality was defined as death 
from the period 60 days after surgery to the present follow-up 
period. Radionuclide ventriculograms were obtained in 10 of 
the surviving 21 patients. 

Medical group: Nineteen patients were treated medically. 
One patient refused surgery. Nine others had severe angina 
and congestive heart failure but were not considered good 
operative risks because of their depressed ejection fraction and 
severely diseased distal coronary vasculature. The remaining 


TABLE | 


Survival Data in Surgically Treated Patients Based on 
Change in Ejection Fraction With Inotropic Stimulation 
°( AEF) 


Group A Group B p 
(AEF 20.10) (AEF <0.10) Value* 
Total patients (n) 20 15 
Condition (n, %)* 
Improved 10, 5096 2, 1396 «0.02 
Stable 2, 1096 2, 1396 
Worse 4, 2096 1, 796 
Death (n, 96)! 
Late 2, 1096 4, 27 96 
Early 2, 1096 6, 4096 «0.05 
5 year survival (n 96) 16, 8096 5, 3396 «0.01 


* Improved, stable, worse refers to change in New York Heart As- 
sociation functional class for failure symptoms. ! Early death — death 
in 60 days or less; late death — death between 60 days and 5 years. 

p = probability value comparing Groups A and B. 


nine patients were considered to be in technically operable 
condition but their symptoms of angina or heart failure, or 
both, were not considered severe enough to warrant the higher 
than normal risk associated with their degree of ventricular 
dysfunction. Patients were classified according to the presence 
of congestive heart failure symptoms using the New York 
Heart Association scale at the time of their cardiac catheter- 
ization and at the end of the 5 year follow-up period. Two 
patients not followed up at our hospital were interviewed by 
telephone and their status confirmed by their primary phy- 
sician. We examined and performed radionuclide ventricu- 
lograms in the other five patients. 


Results 


Surgical Group 


The mean follow-up time was 5 years (range 1 month 
to 9 years) (Table I). Twenty of the 35 patients who were 
followed up had a 0.10 or greater increase in ejection 
fraction after postextrasystolic potentiation or epi- 
nephrine infusion (Group A) and 15 had a less than 0.10 
change in ejection fraction (Group B) at the time of 
cardiac catheterization in the study period 1971 to 1974. 
(The two additional patients from the original series 
who were lost to follow-up study were in Group B.) Ten 
of 20 patients in Group A noted an improvement in 
functional classification at the end of the follow-up 
period compared with only 2 of the 15 patients in Group 
B. T'wo patients in each group were in stable condition 
(maintained their functional class). Worsening of 
symptoms of congestive heart failure occurred in four 
patients in Group A and in one patient in Group B. Only 
2 of the 20 patients in Group A died during the follow- 
up period (1 from a myocardial infarction and 1 from 
ventricular fibrillation) compared with 4 in Group B (2 
from infarction and 2 from heart failure). The overall 
5 year survival rate was significantly better in Group A 
than in Group B. This was true even if the two patients 
in Group B lost to follow-up study were assumed to be 
alive. Nearly all of the patients reported initial relief of 
angina postoperatively, but by 5 years some degree of 
angina was present in 10 of the 21 surviving patients (5 
in Group A and 5 in Group B). 
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TABLE Il 


Clinical and Hemodynamic Profile of Surgically Treated 
Patients: Comparison of Groups A and B 


Group A: Group B: p 
(AEF 20.10) (AEF <0.10) Value 
Total patients (n) 20 15 
Mean age (yr) 47 49 
Sex (n, %) 
Male 18, 90% 14,93% 
Female 2, 10% 1,7% 
Coronary artery disease 
(n, %) 
2 vessel 5, 25% 5, 33% 
3 vessel 15, 75% 10, 67% 
NYHA class III/IV 10, 50% 7,47% 
(n, %) 
Hemodynamic values 
(mean, range) 
LVEDP (mm Hg) 19, 7-36 19, 7-30 NS 
Cl (liters/min per m?) 2.3, 1.5-3.9 2.3, 1.4-3.5 NS 
EF at rest 0.29, 0.10-0.29 0.33, 0.21-0.49 NS 
AEF 0.17, 0.10-0.29 0.05, 0-0.09 «0.01 


Cl = cardiac index; AEF = change in ejection fraction with inotropic 
stimulation; EF = ejection fraction; CAD = coronary artery disease; 
LVEDP = left ventricular end-diastolic pressure; NS = not significant; 
NYHA = New York Heart Association; p = probability. 


Various characteristics were analyzed to evaluate 
group differences in short- and long-term prognosis 
(Table II). There was a similar age and sex distribution 
in both groups. Both groups had extensive multivessel 
coronary artery disease and similar degrees of symptoms 
of severe congestive heart failure. Data obtained at 
cardiac catheterization showed that both groups had 
similar hemodynamic variables (left ventricular end- 
diastolic pressure, resting ejection fraction before ino- 
tropic intervention and cardiac index). 

Radionuclide ventriculograms were obtained in 10 
patients, 6 in Group A and 4 in Group B. Figures 1 and. 
2 compare the present radionuclide global left ventric- 
ular ejection fraction with the resting ejection fraction 
obtained at left ventriculography in the study period 
1971 to 1974. All six patients in Group A demonstrated 
an improved ejection fraction a minimum of 5 years 
after coronary bypass surgery. The mean increase in 
ejection fraction between the study period and the end 
of the follow-up period was 0.17. By contrast, only one 
patient in Group B demonstrated an improvement in 
ejection fraction 5 years after surgery. Three patients 
exhibited deterioration. 


Medical Group 


Eight patients (Group C) treated medically exhibited 
an increase in ejection fraction of 0.10 or greater with 
inotropic stimulation at the time of cardiac catheter- 
ization during the 1971 to 1974 period (Table III). 
Eleven patients (Group D) demonstrated a lesser in- 
crease in ejection fraction. The mean follow-up time was 
9 years (range 1 month to 9 years as in the surgical 
group). 

Over the 5 year follow-up period, six of eight patients 
in Group C (inotropic reserve) were alive compared with 
only one patient in Group D. All survivors continued to 
have angina. Of,the six patients in Group C surviving 
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9 vears, three patients had slight amelioration of 
symptoms of congestive heart failure and three main- 
tained their functional classification. Groups C and D 
were similar in age and sex distribution (Table IV) and 
the extent of coronary artery disease. Cardiac index was 
also similar in the two groups, but left ventricular end- 
diastolic pressure was higher in Group D and ejection 
fraction lower in Group C. 

Radionuclide ventriculography was performed in 
four of six patients in Group C and in the sole survivor 
in Group D (Fig. 2). There did not appear to be an im- 
provement in left ventricular function over the 5 year 
period in medically treated patients who demonstrated 
an increase in ejection fraction of 0.10 or greater with 
inotropic interventions. 


GROUP A (A EF 2.10) 





GROUP B (/.EF <.10) 





LV GRAM RVG 
1971 - 1974 1980 


FIGURE 1. Change (A) in ejection fraction (EF) before and after surgery. 
Patients in Group A demonstrated marked inotropic contractile reserve 
preoperatively (AEF 20.10 on 1971 to 1974 contrast left ventriculo- 
gram [LV GRAM|). Their current radionucttde ventriculograms (RVG) 
demonstrated significant improvement in ejection fraction compared 
with the resting 197 1 to 1974 values. Patients in Group B did not dem- 
onstrate inotropic contractile reserve in 197 1 to 1974 and their current 
ejection fraction was the same as the resting value in 1971 to 1974. 
p — probability. v 


42 July 1982 The American Journal of CARDIOLOGY Volume 50 


Discussion 


Extensive work has been done at our institution 
evaluating the phenomenon of inotropic reserve.99.14 , 
Dyke et al.'4 showed that inotropic stimulation in dogs 
after induced myocardial ischemia resulted in improved 
wall motion in both normal and ischemic myocardial 
regions. Similarly, in human beings, inotropic stimu- 
lation augmented ventricular wall motion in normal 
areas as well as in hypokinetic segments composed of 
muscle, or a mixture of muscle and fibrous tissue, but 
not in scar.^? Hamby et al.!? reported similar results. 
These studies have demonstrated that postextrasystolic 
potentiation or epinephrine infusion during ventricu- 
lography is a safe and effective method of detecting 
regions in which myocardial funcion can be im- 
proved. 

Prognostic significance of inotropic contractile 
reserve: In 1975, we? reported that patients with de- 
pressed ejection fraction who demonstrated inotropic 
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LV GRAM RVG 
1971 1974 1980 


FIGURE 2. Change in ejection fraction in medically treated patients. 
No sustained improvement in current radionuclide ventriculographic 
ejection fraction could be demonstrated consistently in the four patients 
with inotropic contractile reserve in 1971 to 1974 (Group C). Only one 
patient was available for radionuclide ventriculographic studies in the 
group without initial evidence of inotropic contractile reserve (Group 
D). Abbreviations as in Figure 1. 







i Data in Medically Treated Patients Based on 
ge in Ejection Fraction With Inotropic Stimulation 








— -'* Definitions as in Table |. 


¿contractile reserve—-that is, an increase in ejection 
fraction of 0.10 or greater with augmentation stim- 
.uli—had a much better short-term prognosis than those 
< not exhibiting this phenomenon. Our present study 
_ shows that these same patients enjoy a greatly improved 
- 5 year survival time whether treated medically or sur- 
+ gically. Prognosis in these patients appears equal to that 
of patients with normal left ventricular function. Sur- 
viving surgically treated patients also seemed to have 
 animprovement in New York Heart Association func- 
tional classification symptoms and left ventricular 
function as determined with radionuclide ventriculog- 
| Taphy. 

- Surgical implications: Popio et al.!6 showed with 
"égional wall motion analysis that postextrasystolic 
potentiation may define hypokinetic or akinetic regions 
that improve after revascularization. In our study, six 
patients demonstrating inotropic contractile reserve 
studied with radionuclide ventriculography a minimum 
of 5 years after operation had significantly improved 
lobal left ventricular function compared with preop- 
erative levels. Four patients with a change in ejection 
fraction of less than 0.10 did not experience such an 
Improvement. Although differences in contrast and 
radionuclide ventriculographic methods do not allow 
reliable comparisons of segmental function, this ob- 
servation supports the hypothesis that coronary bypass 
surgery may allow "recruitment" of ischemic but viable 
myocardium. Patients whose ejection fraction does not 
"increase with inotropic stimulation presumably have 
myocardial scar and are unresponsive to revascular- 
ization. Inotropic stimulation may therefore also serve 
-as a useful indicator in selecting patients with left 
ventricular dysfunction for bypass surgery.!? This in- 
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: oa c Group D p 
(AEF >0.10) (AEF <0.10) Value 
— Total patients (ny | 8 11 
Condition | pom) 
mu s 3, 3896 0 
.3, 3896 1, 996 
ts UB 0 
7. 2, 2596 5, 4596 
E en ee 0 5, 45% | 
! year survival (n, 96) 6, 7596 1, 996 «0.01. 


and reduced left ventricular function. It appears tha 





TABLE IV 


Clinical and Hemodynamic Profile of Medically Treated 
Patients Based on Change in Ejection Fraction With- 
Inotropic Stimulation ( AEF) 
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Group C Group D qp 
(AEF 0.10) (AEF <0.10) Valu 
Total patients (n) 8 11 
Mean age (yr) 52 51 
Sex (n, 96) e 
Male 7, 8796 9, 82% 
Female 2, 2596 2, 1895 
Coronary artery 
disease 
(n, 96) p 
2 vessel 3, 3896 3, 30% 
3 vessel 5, 6396 3, 3096 
NYHA class ill/IV 2, 2595 2, 1896 
Hemodynamic 
values (mean, 
range) | 
LVEDP (mm Hg) 16, 6-24 22, 12-32 NS 
Cl (liters/min 2.1, 1.2-2.8 2.0, 1.8-2.4 SNS UOS 
per m?) E. 
Resting EF 0.28, 0.16-0.39 0.26, 0.08-0.39 NS . 
AEF 0.16,0.12-0.31 0.03, 0~ 


Abbreviations as in Table Il. 


formation may allow more optimism regarding long- _ 
range outlook in the decision to offer coronary bypass __ 
surgery to patients with a poor ejection fraction who 
demonstrate augmentation of this variable with stim- 
ulation. n 

Comparison with medically treated patients: vc 
Unlike the surgical group, the small number of patients __ 
in the medical group showed no sustained improvement __ 
in ejection fraction. Many of the patients treated 
medically had a diseased distal coronary vasculature _. 
that precluded coronary revascularization., Because 
these patients were given no specific therapy that could 
be expected to improve coronary blood flow and result _ 
in better ventricular function, the lack of improvement _ 
in ejection fraction over the 5 year period is not sur- 
prising. : 

Implications: The ability to augment substantial 
the resting ejection fraction by postextrasystolic po 
tentiation or epinephrine infusion at the time of cardiac - 
catheterization supplies an additional hemodynami 
study variable in patients with coronary artery disease | 





















the difference in short- or long-term prognosis in t 
subgroup of medically or surgically treated patients ma: 
be attributable to the presence or absence of inotropi 
contractile reserve. | 
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-Noninvasive Assessment of Myocardial Contractility in 
- Asymptomatic Patients With Severe Aortic Regurgitation and 
al Left Ventricular Ejection Fraction at Rest 





In 14 asymptomatic patients with isolated aortic insufficiency the slope _ 
k of the end-systolic pressure-volume relation was determined nonin- 
vasively with equilibrium radionuclide angiography. The results were | 
compared with changes in left ventricular ejection fraction during maximal 
physical stress. Nine normal volunteers served as a control group. Patients 
with aortic insufficiency did not differ significantly from the control group __ 
with respect to left ventricular ejection fraction at rest (aortic insufficiency _ 
62 + 8 percent, control 65 + 6; probability [p] = not significant [NS], 
physical work capacity (aortic insufficiency 113 + 31 watts, control 117. 
+ 25; p = NS) or age (aortic insufficiency 40 + 10 years, control 47 + 
7; p = NS). | 
The slope (k) of the end-systolic pressure-volume relation was found 
to be significantly lower in the group with aortic insufficiency (3.1 + 1. 4) 
than in the control group (4.1 + 0.5; p <0.05). Patients with aortic insuf- _ 
ficiency could be classified into two subgroups with respect to the slope __ 
k. In subgroup A (n = 7) the slope fell within the normal range (4.0 + 0.6) d 
as defined by the control group, and the left ventricular exercise reserve _ 
was normal (6 percent + 1). In subgroup B (n = 7) the slope was signif- _ 
icantly lower (2.2 + 0.6, p <0.01), indicating depressed myocardial — 
contractility, and all patients experienced left ventricular dysfunction v 
during exercise (left ventricular exercise reserve —5 + 5 percent). Thus, 
noninvasive determination of the end-systolic pressure-volume relation _ 
identified two subsets of asymptomatic patients with aortic insufficiency, _ 
one with impaired myocardial contractility and normal left ventricular _ 
exercise reserve and a second group with depressed myocardial con- _ 
tractility and left ventricular dysfunction during exercise. um 
Therefore, an abnormal baseline contractile state in asymptomatic 
patients with aortic insufficiency may be uncovered by noninvasive de- _ 
termination of the end-systolic pressure-volume relation or by assessing o 
the left ventricular exercise reserve. Serial studies in a larger group of 
patients undergoing surgical correction of the valve lesion are indicated 
to determine whether this information will be helpful in evaluating when v 
to operate on asymptomatic patients with aortic insufficiency. r- 


Controversy continues regarding the appropriate timing of apsraies - 
intervention in asymptomatic patients with severe aortic insufficiency. — 
It is generally accepted not to advise valve replacement for the asymp- _ 
tomatic patient with severe aortic insufficiency and normal left ven 
tricular ejection fraction at rest. However, operative intervention i 
clearly indicated before there is irreversible depression of myocardia 
function.!-* Various criteria to identify these patients have been Dro 
posed, such as left ventricular end-systolic dimension, assessed 
echocardiography, 5 or decreased left ventricular exercise reserv 
using radionuclide angiography during rest and exercise have sh 
asymptomatic patients with severe aortic insufficiency and n 
resting ejection fraction frequently manifest left ventricular dysfunc- - 
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«FIGURE 1. End-systolic pressure-volume relation. The physiologic basis 
of the end-systolic pressure-volume relation is the Frank-Starling di- 
nagram. The end points of all left vantricular contractions arising from 

.any point on the resting tension curve are best described by a straight 
. line, whose inclination against the horizontal (slope k) is a sensitive index 
of myocardial contractility. 


- tion during physical stress; however, the significance 
-of these findings needs to be elucidated further. 

Recently the left ventricular end-systolic pressure- 
volume relation was shown to be a sensitive indicator 
of the myocardial contractile state?^-!* (Fig. 1). The 
purpose of this study was to define this relation non- 
invasively in a group of asymptomatic patients with 
chronic aortic insufficiency and normal left ventricular 
ejection fraction at rest. The results of this method were 
compared with the left ventricular exercise reserve as 
assessed by measurement of the left ventricular per- 
formance during physical stress. 


Methods 


Study patients: The study group consisted of 14 asymp- 
tomatic patients with isolatec severe aortic insufficiency. 
^ There were 13 men and 1 woman with an average age of 40 + 
D 10 years (range 19 to 52). All patients underwent complete 
right and left heart catheterization with coronary angiography 
before the radionuclide studies. Left ventricular volumes were 
calculated using the area-length method; correction factors 
for. magnification were determined according to standard 
criteria. The severity of aortic insufficiency was judged from 
: supravalve aortography.! All patients had normal coronary 
arteries, and there were no associated valve lesions. Patients 
-with an aortic valve gradient of more than 10 mm Hg were 
excluded, as were patients with pulmonary disease or systemic 
3 hypertension. 

.. Control group: Nine normal subjects without evidence of 
| heart disease served as a control group. Their average age was 
-47 +7 years (range 37 to 57); six of them were studied with 
-cardiac catheterization because of a systolit heart murmur or 
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Gated blood pool seinti 
formed after injection of aut erythrocy 
25 mCi of technetium-99m “With t the patient. inei ina — | 
supine position precordial activity was recorded by a mobile 
gamma camera (Picker Dyna Mo) positioned in a 45? left 
anterior oblique projection; angulation of the camera head was 
adjusted to optimize separation of the left ventricular cavity | 
from surrounding structures. Each collection period lasted - 
for 2 minutes allowing accumulation of more than 2 million 
counts during each study period. 16 Data were stored on-line 





together with the patient's electrocardiographic signal using 


a computer with a 96k word memory capacity (DEC pdp 
11/34). Thirty frames with a spatial resolution of 64 X 64- 
matrix points were spaced equally between each R-R interval. 
Cycles exceeding the average cycle duration by more than 100 
ms in either direction were rejected by an electronic 
window. | 

For data analysis each composite cycle was displayed in 
cine mode to facilitate identification of the cardiac structures. 
With the threshold set at approximately 55 percent, a left 
ventricular region of interest and a background region of in- 
terest were defined using a computer algorithm. After back- 
ground correction, ejection fraction was calculated from the 
time-activity curve. This method was calibrated against 
cineangiographic data in our own laboratory (correlation 
coefficient r = 0.90). To determine relative changes in left 
ventricular volume over time additional factors had to be 
taken into consideration: counts at end-systole were nor- 
malized for the total number of cardiac cycles collected and 
for the duration of each frame (TPF). To compensate for 
differences in the amount of radioactivity injected, 20 ml of 
biood was drawn from a peripheral vein at the conclusion of 
the study and counted under the gamma camera using stan- 
dard geometric conditions. Blood activity was expressed in 
counts/(ml X s). Relative end-systolic volume (ESV) was 
calculated in nondimensional units according to the following 
formula: 


ESV (units) 
End-systolic counts 
~ (Number of cycles X TPF x Blood activity) X F, 


The only unknown factor in this equation is tissue itenim 
F; however, previously a regression equation was defined and 
validated by which the nondimensional scintigraphic units 
were related to absolute angiographic volumes.!? In the 
present study measurement of relative volume changes were 
sufficient to define the slope k of the end-systolic pressure- 
volume relation; therefore, no attempt was made to calculate 
ahsolute volumes. 

To compensate for radioactive decay during the acquisi- 
tion period, the effective half-life of the radioactive com- 
pound was determined in 20 patients. Blood samples were 
drawn from a peripheral vein at regular time intervals over 3 
hours. After completion of the study, the activity contained 
in each sample was determined in a well counter for 30 sec- 
onds. From these data an exponential regression equation was 
constructed for each patient, which yielded the biologic 
half-life. The average value was determined to be 6.1 + 1.0h 
for the total of 20 patients. The effective half-life (Ts er) was 
found to be 3.05 hours using the following formula: 


(T172 phys X Tio bio) | 
(To phys + T1/2 biol) 
where T/2 phys stands for physical half-life, and T 1/2 biol for 


biologic half-life, In all further calculations an approximate 
value of Tyo err = 3.0 h was used. 
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PEAKSYSTOLIC PRESSURE 


gm ` FIGURE 2. Example of the end-systolic pressure-volume 


"determination by radionuclide angiography and cuff pressure 


measurements in a patient with severe aortic insuffi- 
ciency. 


: imaging during exercise: After an initial resting period 
_ of 30 minutes, four successive studies were acquired to es- 


tablish a true baseline; then graded bicycle exercise was per- 
formed starting at an initial work load of 25 watts and lasting 
for 3 minutes; thereafter the work load was increased stepwise 


by 25 watts at 3 minute intervals. During the initial 60 seconds 

- of each stage, heart rate was allowed to adjust to and stabilize 

_ at the new work load, while data were collected for the re- 
- maining two minutes. 16 In all patients and normal subjects 
exercise was continued until fatigue or marked shortness of 
breath forced termination of the study. In all subjects blood 
pressure readings were obtained at every stage by an auto- 
“mated blood pressure cuff. 

"End-systolic pressure-volume determination: Calcu- 
lation of the end-systolic pressure-volume relation requires 
- measurement of the left ventricular pressure at end-systole. 
Because only noninvasive measurements were available, 
systolic cuff pressure was substituted for end-systolic pressure; 
the relation calculated from these data therefore actually 
represents a peak pressure—end-systolic volume relation. 

Measurements were performed after an initial resting 
period of 30 minutes. Thereafter systolic blood pressure was 
increased by applying diluted methoxamine through a pe- 
ripheral intravenous line. Heart rate was held within 5 percent 
of the control state throughout the study period by small doses 
of intravenous atropine in order to counterbalance the vagal 
pressor response. Whenever the systolic blood pressure 
reached a plateau, data were acquired in 2 minute periods. In 
. each patient an average of 11 measurements (range 6 to 22) 
- were obtained at various blood pressure levels. A linear re- 
-gression line was constructed by plotting the relative end- 
systolic volume against the corresponding systolic cuff pres- 
sure (Fig. 2). 

The peak ratio of systolic pressure to volume (Emax) Was 


E: calculated from the systolic cuff pressure and corresponding 
-end-systolic volume at control conditions.’ 


- Statistical analysis: In order to test for statistical signif- 
icance the data were subjected to analysis of variance 
(Friedman test). 


Results 







"di ization (Table D): In patients with 
c insufficiency ónd- diastolic volume index (122 + 
al/m?) and end-systolic volume index (46 + 15 

| /m?) were significantly larger than in the control 
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group a + 23 and 23 + 7 ml/m?, respectively, p <0. o0. - 
Average left ventricular ejection fraction in the group 
with aortic insufficiency was 62 + 7 percent, which was 
not significantly different from the value in the control 
group (69 + 6 percent, p = NS). Severity of aortic in- 
sufficiency was judged to be grade 2+ in 2 patients, and 
grade 3+ in 12 patients.!? : 

Radionuclide data (Table II): Average rádionuciide: 
ejection fraction was comparable in patients with aortic. 
insufficiency and in control subjects (62 + 8 versus 65. 
+ 6 percent, P = NS) (Fig. 3). The slope k of the end- 
systolic pressure-volume relation was significantly lower 
in patients with aortic insufficiency than in the control 
group (3.1 + 1.1 versus 4.1 + 0.5, p «0.05) (Fig. 4). The. 
mean correlation coefficient in the calculation of the 
individual slopes was 0.81 (range 0.71 to 0.94) in patients 
with aortic insufficiency and 0.89 (range 0.74 to 0.95) in. 
the control group. The standard error of the estimate 
for each individual slope is listed in Table II. Ue 

The peak pressure-volume ratio (Emax) was 4.8 € 1 9 
in the group with aortic insufficiency compared with 7.8. 
+ 2.2 in the control group (p «0.01). Physical work ca- 
pacity did not differ significantly in the respective. 
groups (113 + 31 versus 117 + 25 watts). The heart rz 
increased from 70 + 12 beats/min at rest to 128 + 
beats/min during maximal exercise in the group wi 
aortic insufficiency, and from 75 +7 beats/min to 1 
+ 22 beats/min in the control group (Table ID. 
ventricular exercise reserve (ejection fraction dur 
maximal exercise minus ejection fraction at rest) w 
significantly lower in the patients with insufficiency ( 
+ 7 percent) than in the control group (+11 + 3 perce 
p «0.01). 

Only a poor correlation could be established betux 
left ventricular exercise reserve and end-systolic 
ume index (r = 0.3); the correlation was slightly 
between exercise reserve and Emax (r = 0.59) at 
further Mo acm between exercise reserve and. th 
k (r = 0.72) (Fig. 5). P 

Definition of patient subgroups (Fig. 6): On 
basis of control data the normal range of the slope k w 
defined as medn value + 2 standard deviations (3.1 






























subgroups could be ident fied: In seven patients k was 
-well within the normal: range (subgroup A 4.0, range 3.5 
to 4.6); in the remaining seven patients k was below 
‘normal (sub zroup B 2.2, range 1.1 to 2. 9). The two 
;Subgroups did not differ significantly with respect to the 
rity of the valve lesion (subgroup A grade 2+ one 
ent, grade 3+ six patients; subgroup B grade 2+ one 
ent, grade 3+, six patients), age (subgroup A 38 + 
ears; subgroup B 42 + 7; p = NS) or physical work 
capacity (subgroup A 113 + 31 watts; subgroup B 114 
x 32; p = NS). The angiographic end-systolic volume 
index was 46 ml/m? (range 22 to 82) in subgroup A and 
46 ml/m? (range 33 to 59) in subgroup B. The peak 
pressure-volume ratio (Emax) was 5.2 ( (range 2.2 to 8.8) 
in subgroup A and 3.4 (range 2.2 to 5.4) in subgroup B. 
There was significant overlap between the two 
subgroups in both end-systolic volume index and 
‘max: - 
_ Resting left ventricular ejection fraction in subgroup 
B (Fig. 6) was still within the normal range (58 percent, 
range 50 to 65), whereas exercise reserve was signifi- 
cantly depressed (-5 i 5 percent). Left ventricular 
performance at rest in subgroup A was normal (66 
percent, range 54 to 71), whereas exercise reserve was 
also significantly reduced compared with the control 
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value (+6 4 1 vers 
group, p <0. 01), t ae E 
subgroup B, and. values in 
the control group (mean + 2 st 
17 percent). 


e: ser "extent cna in 
of the. patients. in 





ndard deviations +54 


Discussion 


End-systolic pressure-volume relation as an 
index of left ventricular contractile state: The aim 
of the study was to assess the myocardial contractile 
state in a group of asymptomatic patients with chronic 
aortic regurgitation. The results indicate that, despite 
normal left. ventricular ejection fraction at rest, there 
was a subset of patients with marked depression of 
myocardial contractility as evaluated by the end-systolic 
pressure-volume relation. Recently this index was 
shown to define precisely the contractile state of the 
myocardium in human beings.’-!4 The extent of myo- 
cardial shortening is dependent on the interaction of 
initial fiber length (preload), the load resisting systolic 
shortening (afterload), and the contractile state of the 
myocardium. As afterload increases the extent of sys- 
tolic shortening decreases, resulting in a greater end- 

systolic fiber length.}8-2¢ 






TABLE S 
‘Angiographic Data 
EEE: 
l Aortic 
o Age BSA Pressure EDVI ESVI LVEF 
Case (yr) (m?) (mm Hg) (mi/m?) (mim?) (96) 
i A. Patients With Aortic Regurgitation 
1 41 1.70 115/75 102 35 66 
ue 38 2.05 115/60 86 22 74 
3 19 1.88 135/55 183 82 55 
4 51 1.98 147/77 129 45 65 
«5 52 2.03 120/85 94 37 61 
«6 20 1.90 135/70 155 53 66 
7 42 1.88 122/70 136 50 63 
8 43 1.92 130/70 95 48 50 
9 42 1.92 142/60 . 94 33 65 
10 37 1.83 150/55 120 52 57 
11 48 2.00 155/60 118 59 50 
12. 52 1.96 145/90 91 33 64 
38. 30 1.85 127/63 174 52 . 70 
14. 39 1.98 140/55 129 46 64 
Mean 40 : as 134/62 122 46. 62 


13/18 9 — 000045. 7 





B. Normal Control Group MMC 
130/90 85 25 Ed s ow 








Te 45 1.95 | 
PB... 57 1.91 135/80 98 22 75 . 
‘3: 40 1.97 130/90 52 21 60. 
4 51 1.94 137/80 — | — = 
ER 37 1.86 105/80 — — — 
6$ 55 1.86 125/85 43. 13 71 
E 51 1.70 120/85 — | ae e" 
8. 48 1.97 140/75 79 32 67 
3 38 1.84 130/88 en n e 
Mean- 47 -. 1.89 128/84 71 23 69 
S 7 0.09 B 11/ 5 23. | 7 | 6 






BSA = = body surface area; EDVI = eft ventricular end-diastolic volume index: ESVI = end-eystofki volume index; LVEF = left ventricular ejection 
raction; SD = standard deviation. l 











HR Rest 
(beats/min) 


Exercise Data 


(beats/min) 


A. Patients With Aortic insufficiency - 


D» d» PO RO (ho CO de CO C Co Cn CO PO £n 00 
OONN D d» ROMA dsOOomNO. 
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SD 
uu. 4.5 0.40 7.6 68 
dum 3.4 1.50 4.8 83 
dec 4.3 0.60 8.1 88 
74 3.4 0.40 9:1 71 
5 4.7 0:90 5.2 76 
6 4.1 0.60 6.9 67 
7. 4.4 0.70 10.0 70 
. 8 4.3 1.10 11.7 77 
9 $3. . 0.30 7.2 76 
Mean 4.1 ! 7.8 75 
SD 0:5 2.2 7 











133 67 +8 
158 58 +9 
145 64 +13 
168 70 +43 
131 57 +13 

95 68 +7 
134 73 +11 
157 72 +7 
161 61 +14 
142 65 +11 

22 6 3 





EF = left ventricular ejection fraction; Emax = peak ratio of systolic pressure to volume; Ex = exercise; Ex Reserve = left ventricular exercise 
reserve {ejection fraction during exercise minus ejection fraction at rest); HR = heart rate; SD = standard deviation; SE = "standard deviation trom 


. regression” or standard error of the estimate” for slope k. 
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j < FIGURE 3. Radionuclide left ventricular ejection fraction in the control 
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roup and in patients with aortic insufficiency. In patients with aortic 
ufficiency (left panel) left ventricular performance is normal at rest; 
ver, seven patients experience left ventricular dysfunction during 
The right panel shows a normal response to exercise in nine 



























The concept of the end-systolic pressure volini ; 
relation was originally developed by Reichel anc 
Kapal,!? who found that the end-systolic volume a le 
ventricle attained during systolic emptying again 
varying aortic pressures could best be described by 
straight line. Other investigators! t13. confirmed: | 
end-systolic pressure-volume relation i is linear 
large physiologic range, and that its slope is a se 
indicator of myocardial contractility. Afte 


in animal studies this concept was applied t 
Two points on the pressure-volume rele 


measured with cineangiography and good. se 
between patients with normal left. ventricular 
tility from those with moderate or marked i impa 
was obtained.'4 ü 
Several important advantages of the endsyi 
pressure-volume relation over ejection fraction 
other ejection phase indexes have to be cons: 
First, the end-systolic pressure- -volume relation is 
load- independent: 82° Second, it is not affec: 
changes i in afterload, because aortic pressur 
main determinant of afterload, is incorpori 
analysis. In contrast, other ejection phase vari. 














SLOPE k 


CONTROL AÍ 


FIGURE 4. Results of the end-systelic pressure-volume determination. 
The ordinate represents the steepness of the slope k; half of the patients 
with aortic insufficiency (Al) show:depressed myocardial contractility 
Compared with values in a group cf normal subjects (CONTROL). 


dependent on preload as well as on changes in afterload 
to various degrees.!? In addition, depressed left ven- 
tricular contractility is uncovered by the end-systolic 
pressure-volume determination without the willingness 
and effort of the patient to reach a maximal stage of 
physical stress, which frequently is associated with 
discomforting symptoms. Because left ventricular 
dysfunction normally occurs during advanced stages of 
exercise, patient motivation is an important prerequisite 
for the determination of left ventricular exercise re- 
serve. 

_ Application to patients with aortic insufficiency: 
A recënt study”! utilized instantaneous pressure-volume 
relations in order to calculate the peak pressure-volume 
ratio (Emax) as defined by Sagawa et al.22 The results 
indicated significant. depression of myocardial con- 
;ractility i in symptomatic patients with aortic insuffi- 
tlency; contractility was alse below normal in asymp- 


iomatie patients, although the difference lacked sta- 
ical significance. Normalization for wall stress did 







eatly affect the outcome of that study. 

yressed myocardial contractility was also reported® 
study that measured left ventricular performance 
it rest and during exercise in patients with aortic in- 
ufficiency. However, about half of those patients were 
iymptomatic and in a large number left ventricular 
jection fraction was below 50 percent as a sign of overt 
P of the rona i state. In contrast, the pa- 








versal limits. Thus, 
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SLOPE k 


FIGURE 5. Correlation between slope k (abscissa) and left ventricular 
exercise reserve (AEF ordinate). Patients with an abnormally flat slope 
experience left ventricular dysfunction during exercise, whereas pa- 
tients with a normal slope also show an unimpaired exercise re- 
serve. 


of myocardial function against which the results of the 
pressure-volume determination could be compared: 


* 


Half of the patients with aortic insufficiency experi- | 


enced left ventricular dysfunction at peak exercise, in- 
dicating a compromised functional reserve. The data 
available suggest that one of the mechanisms of ab- 


normal left ventricular exercise reserve in some patients 


with aortic insufficiency is an abnormal baseline con- we 
tractile state, as assessed by the end-systolic pressure- 


volume relation. Therefore, determination of the left. — 


ventricular exercise. reserve should be useful as an al 
ternative method to uncover this impaired basel 





contractile state. A study i ina larger group is necessary vs 


to determine the sensitivity and specificity of this 
method in this patient group. ^. 


It is important to emphasize that. there were no » dif- E | s 
ferences in angiographic severity of aortic insufficiency, — 
end-diastclic or end-systolic volume index or physical | 





work capacity in the two subgroups (normal v« 
abnormal Emas). ped »e peak pressure-volume ratio (Emax) 
| o be somewhat more ilit, but ev 
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less accurate than either Emax or the slope k, probably 
because systolic emptying is dependent not only on 
myocardial contractility but also on systolic aortic 
_ pressure, which may vary considerably i in this patient 
group. Although systolic pressure is incorporated into 
the calculation of Emax, this variable is derived from a 
single (in this study noninvasive) observation, and 
therefore also seems to be less dependable than deter- 
mination of the slope k. 
Problems of the study: Several problems inherent 
,in the methods used in our study need to be elucidated. 
First , the feasibility of noninvasive determination of left 
ventricular volumes by radionuclide angiography was 
shown by several investigators.!^?? The method used 
in our study follows in principle the procedure reported 
— by Dehmer et al.” Absolute measurements of ventric- 
ular volumes with radionuclide angiography require 
precise knowledge of the individual absorption coeffi- 
< cients. However, the slope k of the end-systolic pres- 
. ^sure-volume relation by itself is an accurate indicator 
. of myocardial contractility and, in order to determine 
e this variable, only measurement of relative volume 
~ changes is necessary. W Vith this approach it is not pos- 
B sible to define the y-axis intercept of this relation. 
"Second, another potential source of error in this 
procedure i is loss of radioactivity due to physical and 
biologic decay of the labeling compound. If no correction 
. for radioactive decay is provided for, ventricular vol- 
mes will be considerably underestimated toward the 
er stages of the study. In addition to the physical 
y of technetium-99m with a half-life of 6 hours, 
is also breakdown of the labeling compound, 
using loss of radioactivity from the circulating blood. 
T In order to minimize this error all volume calculations 
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were automatically corrected for the effective half-life | 
of the radioactive compound, which was determined to _ 
be in the range of 3 hours. Differences in the amount of — 
radioactivity injected into each individual subject were _ 
corrected for by drawing a sample of blood at the con- ~ 
clusion of the study and counting it under standard — 
geometric conditions. A correlation factor derived from | 
the activity contained in each sample was used to make - 
individual studies comparable. v 
Third, definition of the left ventricular end-systolic : 
pressure requires intraventricular high fidelity pressure _ 
recordings in order to determine true pressure at min- - 
imal left ventricular volume. Because only noninvasive | 
measurements were used in this study, we substituted | 
systolic cuff pressure for end-systolic pressure. There- - 
fore, the relation derived from these data actually rep- _ 
resents a peak systolic: pressure-end-systolic volume . 
relation. Several experimental studies in animals!” and _ 
in human beings!*!4.24 have shown that use of peak | 
systolic pressure yielded. nearly identical pressure 
volume relations, although the values tended to be 
displaced systematically toward a steeper slope. ' 
blood pressure readings used in our study were obtai 
with use of an automated cuff, thus virtually elimina 
inaccuracies caused by differences in manual tec 
nique. | 
Pressure wave reflection in the peripheral P 
bed as a result of the rapid systolic upstroke in se 
aortic insufficiency may cause overestimation of 
peak systolic pressure when cuff measurem: 
used. This error would tend to increase the slo} 
thus obscure the degree of myocardial depre 
some extent. Because this effect would be opposite tc 
the results of our study it probably does not affect the. i 










































lume determination rather underesti- 
mate than overestimate the degree of myocardial im- 
pairment. 
. Fourth, in performing this investigation, itis assumed 
that contractility remains fairly constant, and that it is 
not influenced significantly by any of the drugs em- 
ployed or by carotid sinus reflexes in response to the 
pressure variations. Although none of these possibilities 
can be ruled out with certainty, previous studies were 
unable to detect measurable alterations of myocardial 
contractility in response to methoxamine?? or as a result 
of centrally mediated reflexes.?5 

Clinical implications: [n a large number of asymp- 
tomatic patients with significant aortic insufficiency a 
positive diagnosis of depressed myocardial contractility 
cannot be made from resting hemodynamic variables 


n eae. he dose oc 





 end-di stolic or era A volume index, 
ejection fraction or physical work capacity. Determi- 
nation of the end-systolic. pressure-volume relation 
identified two subsets of patients, one with normal | 
cardial contractility and the other with an abnormal 
Bascltie contractile state. Because the measurement of 
this variable can be performed noninvasively it may be 
a useful test for the evaluation of contractility in pa- 
tients with severe aortic insufficiency, whose standard 
indexes of left ventricular performance are still within 
the normal range. The abnormal baseline contractile 
state can also be uncovered by assessing the left ven- 
tricular exercise reserve. A larger study of patients with 
aortic regurgitation is required to determine whether 
this information will be helpful in making the decision 
on when to operate on asymptomatic patients with 
aortic insufficiency. 
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: modynamic Determinants of the Frequency and 
a pitao of a Musical Murmur Produced by a 
Reauraitant N Mitral Bioprosthetic Valve 





The purpose of this study was to assess the hemodynamic determinant _ 
of the amplitude and frequency of a musical murmur produced by a — 
regurgitant degenerated bioprosthetic valve in the mitral position. The _ 
prosthetic valve, obtained at surgery, was studied in the mitral position _ 
of an in vitro pulse duplicating system. In vitro, the valve produced a __ 
musical murmur that was caused by flutter of a flail leaflet. When the peak 
pressure difference between the left ventricle and left atrium was in- _ 
creased from 95 to 150 mm Hg, the fundamental frequency of the musical _ 
murmur increased from 91 to 187 hertz and the amplitude increased from 
2,080 to 11,420 dynes/cm?. The fundamental frequency of the musical | : 
murmur was linearly related to the peak systolic pressure difference 
between the left ventricle and the left atrium (correlation coefficient id s 
= 0.99). Similarly, the fundamental frequency of the musical murmur was 
linearly related to the magnitude of regurgitant flow across the valve (r v 
= 0.99); and the regurgitant flow as expected was linearly related to the _ 
systolic pressure difference between the left ventricle and left atrium. The 
amplitude of the musical murmur was also related to both the peak systolic 
pressure difference between the left ventricle and left atrium {r = 0.99) | 
and the magnitude of regurgitant flow (r = 0.99). These results indicate _ 
that the magnitude of regurgitant flow, determined by the systolic pressure 

difference between the left ventricle and left atrium, was a determinant 
of both the amplitude and the frequency of the musical murmur. s 


Musical murmurs have been suggested to result from regular vibrations 
of an elastic structure such as a valve leaflet or aberrant chordae tendi- | 
neae.! The origin of such sounds has also been related to vortex shedding _ 
resulting from blood flowing past an obstruction.? We? recently dem- . 
onstrated that a systolic musical murmur in a patient with a degenerated _ 
porcine bioprosthetic valve in the mitral position was due to periodic - 
and regular vibrations of a flail leaflet. Irrespective of the origin of mu- _ 
sical murmurs, various physical maneuvers and drugs have been shown | 
to affect their frequency. McKusick et al.4 suggested that there is 
probably a direct relation between the aortoventricular pressure dif- - 
ference, the velocity of regurgitation and the peak frequency attained | 
by the harmonics of musical murmurs in patients with aortic insuffi- | 
ciency. In addition, physical maneuvers and vasoactive drugs have b 
suggested to alter the intensity of such murmurs by affecting th 
underlying hemodynamics.^? 5 

The purpose of this investigation was to identify and quantify th I 
hemodynamic determinants of the frequency and amplitude of am 
murmur produced by a degenerated porcine bioprosthetic valv 
mitral position. Such a study would further our understanding 
cultatory findings in patients with degenerated bioprosthetic va 
may also permit a more complete understanding of the hemods d 
determinants of the frequency and amplitude of musical murmurs a: 
sociated with abnormalities of natural cardiac valves. i 















| Methods 


Studies were performed in an in vitro pulse duplicating 
. System. The mitral valve was a degenerated porcine 
- bioprosthetic valve obtained at surgery. When inserted in the 
mitral position of the in vitro system, the valve produced a 
. musical murmur comparable in frequency with the murmur 
^ detected in the patient with phonocardiography before sur- 
E gery. 
^c. Patient information: The patient was a 62 year old woman 
d from whom the degenerated bioprosthetic valve was removed 
: from the mitral position at surgery. The valve was a porcine 
-bioprosthetic valve, 33 mm tissue anulus diameter, (model 
-»842R, Hancock Laboratories) that had been inserted nearly 
^6 years (68 months) previously. The leaflets of the degenerated 
- valve were thickened and somewhat stiff. There was a tear at 
^ the margin of one cusp that caused it to be flail. 

. One month before admission, the patient was awakened 
with a noise emanating from her chest that resembled “the 
hooting of an owl.” The ncise increased with exertion. Ex- 
. amination showed a blood pressure of 140/80 mm Hg and an 
irregular heart rate of 94 beats/min. There was a grade 6/6 

cooing pansystolic murmur heard loudest at the apex. 

« A phonocardiogram, obtained before replacement of her 
degenerated bioprosthetic valve, showed a pansystolic mur- 
-mur with regular and periodie vibrations typical of a musical 
murmur. The murmur had a dominant frequency of 175 hertz 
-at the second left intercostal space and a dominant frequency 
of 158 hertz at the apex? 

Studies in vitro: The degenerated valve was studied in the 

mitral position of a pulse duplicating system. The in vitro 
-system was capable of producing cardiac pressures and flows 
«that were comparable in magnitude and phasic pattern with 
those in patients. The basic components of the pulse dupli- 
-cator including the aorta, left ventricle and left atrial chamber 
were described previously in detail.5? A normal 29 mm stented 
porcine valve (model 242, Hancock Laboratories) was used 
in the aortic position. The fluid used in the system was a 
. mixture of glycerin and saline solution with a viscosity at room 
temperature of 0.04 poise. This viscosity is equivalent to that 
of normal blood at 37? C. 

Pressures in the aorta, left ventricle and left atrium of the 
pulse duplicating system were measured with catheter-tip 
micromanometers (Millar Instruments, Inc.). The electronic 
properties of this type of transducer were previously described 

in detail.!° Pressures were processed through a 25 hertz low 
pass filter. Aortic flow was measured with a 19 mm diameter 
cannulating electromagnetic flow transducer in conjunction 
with a model 501 square-wave electromagnetic flowmeter 
"(Carolina Medical Electronics). The flow transducer was lo- 
-cated distal to the aortic root and was used with a 30 hertz low 
-pass filter. 

. Sound was also measured simultaneously in the left atri- 
. um of the cardiac simulator at a distance of 3 cm from the 
anulus of the mitral valve. The distance of the sound sensor 
-from the mitral valve was unchanged throughout the study. 
_Sound-pressure fluctuations were measured with a cathe- 
-Xer-tip micromanometer in conjunction with a TCB-100 
“control unit that permitted the recording of sound and pres- 
-sùre from the same transducer (Millar Instruments). The low 
frequency cutoff in the sound mode was 6 decibels at 40 hertz 
and 3 decibels at 50 hertz. The sound signal was filtered with 
.a 2,500 hertz low pass filter. 

. Measurements of pressures, aortic flow and left atrial 
sound were made as left ventricular systolic pressure was 
sequentially increased. Systolic left ventricular pressure was 
increased from 95 to 155 mm Hg in seven steps. Simulta- 
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ious artic aatal pressure was allowed to increase from 
33 to 135 mm Hg. The sequential increase of left ventricular 
pressure was accomplished by a stepwise increase of the sys- 
temic resistance. The iatter caused a reduction of forward 
stroke volume from 77 ml at a systolic pressure of 95 mm Hg 
to 14 ml at a systolic pressure of 155 mm Hg. The regurgitant 
volume across the degenerated mitral valve increased as left 
ventricular systolic pressure increased. Throughout this phase 
of the study, the stroke rate was held constant at 72 strokes/ 
min. 

The study was repeated while maintaining mean aortic 
pressure relatively constant (98 to 103 mm Hg) and in- 
creasing the stroke rate from 54 to 153 strokes/min in seven 
steps. During this phase of the study, the rate of change of left 
ventricular pressure increased from 2,480 mm Hg/s at a rate 
of 54 strokes/min to 5,320 mm Hg/s at a rate of 133 strokes/ 
min. Peak left ventricular pressure inereased somewhat from 
107 to 133 mm Hg. 

Aortic, left ventricular and left atrial pressures as well as 
aortic flow and left atrial sound were recorded on a VR-12 
phonographic recorder i Electronics for Medicine/Honeywell) 
at paper speeds of 500 mm/s as well as at lower speeds. Data 
were aiso recorded simultaneously on an eight track magnetic 
tape recorder (Hewlett-Packard, model 8868A). The tape 
recorder was operated at a speed of 9.53 cm/s. The electronic 
properties and frequency response of the tape recorder were 
previously reported. !! 

Data analysis: The frequency content of the murmur ob- 
tained in vitro was analyzed with a digital signal processor 
(3D369, Spectral Dynamics Corporation) from the data re- 
cordec on the magnetic tape. Only the portion of the cardiac 
cycle that contained the murmur was analyzed. The remainder 
of the cycle was discarded. A fast Fourier transform was per- 
formed on the murmur and displayed on linear coordinates 
over a frequency of 0 to 1,000 hertz. The fundamental fre- 
quency was defined as the frequency with the highest mag- 
nitude shown in the frequency spectrum. 

The amplitude of the murmur was calculated as the root- 
mean-square value of the sound pressure fluctuations. This 
was accomplished by digitizing the sound signal at 0.25 mm 
intervals from recordings obtained at 500 mm/s using a 
manually operated electronic digitizer (Numonics Corpora- 
tion) en line with a computer (model 21MX, Hewlett-e 
Packard). 


Results 


Frequency of the murmur: The murmur recorded 
in the left atrium of the pulse duplicating system in the 
presence of the degenerated bioprosthetic valve con- 
sisted of regular and periodic vibrations typical of mu- 
sical murmurs (Fig. 1). The frequency spectra of the 
musical murmur, irrespective of the level of left ven- 
tricular systolic pressure, showed most of the sound 
energy in a narrow band of frequency around the fun- 
damental frequency. Harmonics were observed, and the 
number of harmonics increased as systolic left ven- 
tricular pressure increased. At a left ventricular pressure 
of 130 mm Hg, the fundamental frequency of the mur- 
mur was 157 hertz, and the first, second, third and 
fourth harmonics were 314, 471, 628 and 785 hertz, re- 
spectively (Fig. 1). 

The fundamental frequency of the musical murmur 
increased linearly with increasing left ventricular 
systolic pressure. 'The correlation coefficient (r) was 
0.99. At a left ventricular systolic pressure of 97 mm Hg, 
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FIGURE 1. Top, pressures, sound and flow, recorded in 3' 
vitro with.a degenerated bioprosthetic valve in the mitral og 
position. From top to bottom are shown aortic flow, left & w 
atrial (LÀ) sound, aortic (Ao) pressure, left ventricular (LV) ag 
pressure and left atrial pressure. Prominent pressure 5 o 
fluctuations are shown superimposed on the left atrial "es 


pressure tracing. Bottom, frequency spectrum of the 
murmur shown in the top panel showing the fundamental 
frequency and the harmonics. 


the fundamental frequency of the murmur was 91 hertz; 
as pressure was increased to 154 mm Hg the funda- 
mental frequency increased to 187 hertz. A linear rela- 


» 


tion was shown between the fundamental frequency of 


the murmur and the peak systolic pressure difference 
` between the left ventricle and left atrium (r = 0.99) and 
. between the fundamental frequency of the murmur and 
the volume of regurgitant mitral flow {r = 0.99) (Fig. 2). 
A linear relation, as expected, was shown between the 
- systolic pressure difference and the volume of regurgi- 
tant flow (r = 0.99). 
Amplitude of the murmur (Fig. 3): The amplitude 
. of the musical murmur was related to peak systolic left 
= ventricular pressure (r = 0.99) and to the peak systolic 
= pressure difference between the left ventricle and left 
atrium (r = 0.99). The amplitude of the murmur was 
also related to the volume of regurgitant flow (r = 0.99). 
At a left ventricular pressure of 97 mm Hg, the ampli- 
- tude of the murmur was 2,080 dynes/cm?; as pressure 
was increased to 154 mm Hg, the amplitude of the 
irmur increased to 11,420 dynes/cm?. 
ming of the murmur (Fig. 4): The configuration 
ventricular pressure during systole changed sig- 
antly when the stroke rate was increased to 133 
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strokes/min. At this rate, peak left ventricular pressure _ 
(135 mm Hg) was reached during early ejection and left _ 
ventricular pressure decreased to 68 mm Hg at the | 
moment of the aortic incisura. This caused the pressure _ 
difference across the mitral valve to diminish durin 
systole from 129 mm Hg during early systole to 63 mı 
Hg at the moment of the aortic incisura. Coincident wit 
this, the musical murmur was prominent during earl 
and mid systole; and it ended abruptly in the latter thi: 
of systole. At a rate of 83 strokes/min, left ventricula 
pressure was 90 mm Hg at the moment of the aoi 
incisura. The murmur in this instance was. pans 
although it showed a reduction of amplitude in the 
third of systole. 

















Discussion 


Frequency and amplitude of systolic mu 
murmur related to regurgitant flow: A dire 
tion was shown between the frequency and ampli 
of a systolic musical murmur and the extent of re; 
itation across the degenerated mitral valve. The 
of regurgitation, as expected, was directly relatec 
pressure difference across the valve during syst 
increased systolic pressure difference and an increase 
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FIGURE 2. Top, relation between the fundamental frequency of the 
musical murmur and the peak pressure difference between the left 
ventricle (LV) and left atrium (LA). R = correlation coefficient. Bottom, 
telation between the fundamental frequency of the musical murmur and 
mitral regurgitant flow. 


amount of regurgitant flow caused an increase in both 
the frequency and the amplitude of the musical mur- 
mur. Because of the relatively fixed size of the valve 
defect, it can be assumed that an increase in regurgitant 
flow would be associated with an increase in the rate of 
regurgitant flow. The latter aiso is likely to relate to the 
frequency and amplitude of the murmur. 

. Rate of flail leaflet flutter: We? previously de- 
scribed the mechanism of the musical murmur pro- 
duced by this particular valve. In vitro studies utilizing 
high speed motion picture photography showed a direct 
relation between the frequency of the murmur and the 
frequency of flutter of the flail leaflet of the valve? The 
flutter of the flail leaflet, in the regurgitant stream of 
flow, produced regular and periodic fluctuations of 
pressure within the atrial chamber that were productive 
of the musical quality of the murmur. We believe that 
the frequency of flutter of the flail leaflet increased as 
the pressure difference and regurgitant flow across the 
valve increased. 'This accounted for the increased fre- 
quency of the murmur. The increased amplitude of the 
murmur that accompanied the increased regurgitant 
flow presumably was caused by an increased amplitude 

of leaflet flutter. | 
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FIGURE 3. Top, relation between the amplitude of the musical murmur 
and the peak pressure difference between the left ventricle (LV) and 
left atrium (LA). The data were fitted to a power function of the form y 
= ax”. Bottom, relation between the amplitude of the murmur and mitral 
regurgitant flow. 


e 
Relation of frequency and amplitude of the mu- 
sical murmur to atrioventricular pressure differ- 
ence during systole: In patients with aortic insuffi- 
ciency, McKusick et al.* suggested that a direct relation 
probably exists between the aortoventricular pressure 
difference, the velocity of regurgitation and the peak 
frequency attained by the harmonics of musical mur- 
murs. They also indicated that the intensity of the 
murmur and the number of harmonics may vary with 
systemic pressure. Even though their comments were 
based on the hemodynamics encountered with aortic 
insufficiency, our observations with a regurgitant 
bioprosthetic valve i in the mitral position are in agree- 
ment. We observed a direct relation between the fre- 
quency and amplitude of the musical murmur and the 
atrioventricular pressure difference during systole. We 
also observed an increased number of harmonics of the 
musical murmur with increased left ventricular pres- 
sure. 
McKusick et aji 4 alec suggested, on the basis of their 
observations in patients with musical murmurs, that a 
threshold aortoventricular ene difference exists 
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- FIGURE 4. Top, pressures, sound and aortic flow at a 
"stroke rate of 83 beats/min. From top to bottom are PRESSURE 
shown aortic flow, left atrial (LA) sound, aortic (AO) (mm Hg) 30 


pressure, left ventricular (LV) pressure and left atrial 
pressure. The maximal rate of change of left ventricular 
pressure (dP/dt) was 3,900 mm Hg/s. Bottom, same 
variables as in top panel. The stroke rate was 133 
beats/min. Maximal dP/dt was 5,320 mm Hg/s. 
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below which the murmur and possibly regurgitation 
. would not occur. In our study, at a heart rate of 133 
< beats/min the configuration of systolic left ventricular 
pressure was such that the atrioventricular pressure 
difference during systole varied widely. In this case, the 
murmur during late systole ended abruptly. This sug- 
gested that the pressure difference across the valve at 
that time was not sufficiently high to produce enough 
regurgitant flow to cause flutter of the flail leaflet. We 
therefore concur with the postulate of McKusick et al. 
-with regard to the existence of a threshold of pressure 
~ difference below which the murmur may not become 
evident. 
Factors affecting timing of musical murmurs: 
Murmurs of musical quality originating at the mitral 
_ valve have been reported by many investigators to occur 
at various times during systole. Systolic “honks” in 
oung children have been shown to occur in early systole 
ondary to mitral valve prolapse.!? Also, “whoops” 
been shown arising at the mitral valve in late sys- 
n patients with mitral regurgitation.!? The musical 
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ur “cooing” murmur in our patient was pansystolic sec- 
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ondary to prosthetic mitral regurgitation. However, the a 
time during systole when a musical murmur occurs may. 
vary with physical maneuvers or vasoactive drugs.!? 
With standing or the Valsalva maneuver or the inha 
lation of amyl nitrate, the honk occurs earlier in systol 
The hemodynamic effects of squatting, handgrip. ex 
ercise and phenylephrine cause the honk to occur late 
during systole. When considering the time of occurrei 
of the murmur during systole perhaps two conditi 
should be evaluated. These are the time during the cycl 
when the valve abnormality occurs and the configure 
tion of ventricular and atrial pressures at the time. I 
our study an augmentation of the stroke rate cause 
sufficient variation of the configuration of left ventric 
ular pressure during systole to change the musica 
murmur from pansystolic to early systolic. _ 
Clinical implications: Degeneration of pore 
bioprosthetic valves may occur in significant. num 
of patients years after insertion. 1*1 Among. 
patients with bioprosthetic valves seen at this hospi 
24 required replacement of the prosthesis due to de 
generation. Nearly one third (4 of 13) of the patient 
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position manifested musical systolic murmurs. Obser- 


he intensity and frequency of musical murmurs 
ed by degenerated bioprosthetic valves. Maneuvers 
tend to increase systolic pressure such as phenyl- 
ine administration, the Valsalva maneuver and 
ndgrip exercise!? would be expected to increase both 
ntensity and the frequency of the musical murmur. 
nversely, a reduction of systolic pressure with amyl 
nitrate!® would be expected to decrease both the am- 





Whose direii biogra hati velit w was in ithe mitral l : : 


vations made in this study add to our understanding of 
effects of physical maneuvers and vasoactive drugs 


ir Prompt squatting 


| aeibven trice B pressure v diffarence nem systole and 


the amplitude. and frequency of the musical murmur 


caused by a degenerated bioprosthetic valve. In addi-. . 


tion, the time of the occurrence of the musical murmur 
during systole resulted in part from the magnitude of 
instantaneous differences of pressure between the left 
ventricle and left atrium. 
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Partial Atrioventricular Canal Defect in — 
Elderly Patients (Aged 60 Years or Older) 













Partial atrioventricular canal defect in elderly. patients (aged. 60 years or 
older) is extremely rare, and surgical results in this select group have not 
been reported. This report describes in detail the clinical profile of six suc h 
patients and the surgical results in four of the six. There was no operative 
mortality. This experience, albeit based on small numbers, suggests. that 
operation can be performed at low risk with gratifying symptomatic im- 
provement and that surgical repair in symptomatic elderly patients with a 
partial atrioventricular canal defect can be justified.” : 


Partial atrioventricular canal defect (a form of endocardial cushion 
defect) is a congenital heart defect that is infrequently seen in adult 
patients. Survival of patients with this defect into the seventh decade 
of life is extremely rare, and no surgical experience in this select group — 
of elderly patients has been reported. Therefore, in this communication _ 
we describe in detail our experience with six elderly patients (aged 60 c 
years or older at the time of correct diagnosis) with partial atrioven- 
tricular canal defect. Clinical evaluation, operative results and long-term v 
follow-up data are given specific attention. (s 
For this study, partial atrioventricular canal defect was defined as 
including an ostium primum atrial septal defect but with two separate 
atrioventricular valve rings, a cleft in the anterior mitral leaflet and no 
significant interventricular communication. E 


Study Patients 


Between January 1974 and March 1981, a total of six elderly aa (four Qr 
women and two men) with partial atrioventricular canal defect were examined 
at the Mayo Clinic. The diagnosis was established with two dimensional echo- 
cardiography (four patients) or cardiac catheterization (four patients) (by bot h 
means in two patients). m 

At the time of correct diagnosis, the ages of the patients ranged froni 60 to 25 
years (mean 67.8), and three patients were in the eighth decade of life. All p pa- 
tients had been informed about the presence of a heart murmur at least 10 years. 
before the correct diagnosis was made. Initial clinical diagnoses included se- 
cundum atrial septal defect (two patients), rheumatic mitral valve disease (thre 
patients) and pulmonary hypertension secondary to recurrent pulmonary em j 
(one patient). 

All patients were symptomatic. One patient, in New York Heart Associatio 
functional class II! (Case 3), had physical findings of at least moderate pulmona a 
hypertension that did not correlate with the history of mild fatigue and mil 
dyspnea on exertion. Cardiac catheterization in this patient demonstrate 
moderate elevation of pulmonary arteriolar resistance (7.7 U-m? when the pat 
was breathing room air [normal values less than 4 U-m?]) and surgical in 
vention was recommended to retard the progression of obstructive al 
vascular disease. Two patients were in functional class III and e ee | 
in functional class IV. aF 


























Clinical Features 


Physical findings: Physical examination in all patients re revea 
persistently split second heart sound, a pulmonary ejection murmur an 
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an apical holosystolic murmur. In three patients with 
chronic atrial fibrillation, the jugular venous pressure 
(V wave) was estimated to be more than 20 cm of water 
above the level of the right atrium. Two of these three 
patients had ascites and severe peripheral edema. One 
patient with normal sinus rhythm, intermittent com- 
plete heart block and a demand ventricular pacemaker 
had elevated jugular venous pressure waves to the angle 
of the jaw without peripheral edema. In two additional 
patients, the jugular venous pressure was described as 
normal. 








FIGURE 1. Electrocardiogram of a 65 year old 
woman (Case 1) with partial atrioventricular canal 
defect showing normal sinus rhythm, biatrial en- 
largement, prominent le? axis deviation and right 
bundie branch block. 


Electrocardiographic findings: The electrocardi- 
ogram showed the characteristic abnormality of partial 
atrioventricular canal defect described by Toscano- 
Barbosa et al.,* with left axis deviation, right bundle 
branch block and counterclockwise rotation of the 
vector loop in the frontal plane in five patients. One 
patient had right axis deviation without intraventricular 
conduction delay. Three patients had chronic atrial fi- 
brillation. Two patients with norma! sinus rhythm had 
electrocardiographic evidence of left atrial enlargement, 
and one patient had biatrial enlargement. Two patients 


FIGURE 2. Preoperative (A) and postoperative (B) chest roentgenograms of a 72 year old woman (Case 6). A, note generalized cardiomegaly (car- 
diothoracic ratio 0.75), enlargement of central pulmonary arteries, plethoric lungs and enlargement of upper lobe veins. (A left to right shunt of 


75 percent, a mean pulmonary arterial pressure of 33 mm Hg and mitral insufficiency were present.) B 





15 months postoperatively, there are a 


s 


substantial reduction in heart size (cardiothoracic ratio 0.52), normal pulmonary vasculature and residual prominence of central pulmonary arteries. 


A mitral valve prosthesis is faintly visible (arrow). 
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ae FIGURE 3. Two dimensional echocardiogram P chamber view) of 
_. a 73 year old patient (Case 4), demonstrating a large defect (arrows) 
in the lower portion of the atrial septum (AS). This is the typical ap- 
- pearance of ostium primum atrial septal defect. The mitral and tricuspid 
valves attach to the crest of the ventricular septum (VS). The right atrium 
and ventricle are die ie | = inferior; L = left; LA = left atrium; LV 
. * left ventricle; R = right; RA = right atrium; RV = right ventricle; S 
= Superior. 


- had first degree atrioventricular block. A representative 
electrocardiographic tracing of partial atrioventricular 
canal defect is shown in Figure 1. 

Radiographic findings: In all patients, the chest 
roentgenogram showed extreme cardiomegaly with 
enlarged central pulmonary arteries and increased 
pulmonary vasculature to the periphery, consistent with 
-a left to right shunt (Fig. 2). The shape of the cardiac 
silhouette varied considerably. The preoperative car- 
diothoracic ratio in five patients was 0.55, 0.56, 0.63, 
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0.75, and 0.80, T In one patient wi 
pectus excavatum deformity, the cardiothorac : 
was not measured. 
Cardiac catheterization findings: Cardiae ca 
terization was performed in four patients. Hemoc 
namic data were available in only two patients. One 
patient (Case 3), in functional class II, had a 69 percen 
left to right shunt, a mean pulmonary to systemic flow | 
ratio of 3.3, and pulmonary arteriolar resistance of 7.7 _ 
U-m? (4.0 on 100 percent oxygen). The second patient - 
(Cane 6), in functional class HI, had a 75 percent left to _ 
right shunt, a mean pulmonary to systemic flow ratio _ 
of 3.1, and pulmonary arteriolar resistance of 3. 3 
U-m*. € 
Left ventricular angiography, performed in four- | 
patients, showed mild mitral regurgitation in two pa- . 
tients and severe mitral regurgitation in two. The _ 
characteristic “gooseneck” deformity of the left ven- 
tricular outflow tract was recognized in all four patients. _ 
Coronary angiography was performed in two patients | 
and showed single vessel disease (75 percent stenosis of _ 
the right coronary artery) in one patient and two vessel - 
disease (90 percent stenosis of both the proximal cir- _ 
cumflex and proximal right coronary arteries) i in the D 
other patient. (e 
Echocardiographic findings: Two dimensional Ü 
echocardiography was performed in four patients and _ 
in all four clearly showed the anatomic features of par- 
tial atrioventricular canal, as described by Hagler et al? . 
(Fig. 3). These include visualization of the defect in the * 
inferior atrial septum (ostium primum), insertion of _ 
both atrioventricular valves at the same level onto the _ 
crest of the ventricular septum (in the four chamber _ 
view) and identification of the cleft in the anterior mi 
tral leaflet (in short axis scans). | 
Surgery: Operation was performed in four patients. P 
two patients with class IV symptoms having declined _ 
a surgical procedure. The mean operative age was 66 _ 
years (range 60 to 72). The primum atrial septal defect _ 
was closed with a synthetic patch in all four patients, _ 
The cleft mitral leaflet was sutured in three patienti S 





TABLE | 
Follow-up Data on Elderly Patients With Partial Atrioventricular Canal Defect 
Follow-Up NYHA Class 
Age Duration Operation At At 
Case (yr) (mo) (age, yr) Diagnosis Follow-Up Comment 5 
1 65 3 Yes (65) iil l Asymptomatic at follow-up | 
2 67 75 Yes (60) IV H CABG with ASD repair; recent 
death (myocardial infarction) 
3 69 18 Yes (68) H l Infrequent episodes of paroxysmal 
atrial fibrillation postoperatively MIS 
4 73 <1 No IV Noncardiac death (perforated colonic ue 
diverticulum and systemic: sepsis) . 
5 78 - 42 No IV IV Recent CVA; patient declined : 
-. | operation E 
6 79 72 Yes (72) i i Mitral valve replacement with: ASD 









repair; recent implantation of- 
permanent pacemaker for atrial 
fibrillation and syrnptomatic 
bradycardia 








ASD = atrial septal defect; CABG = coronary bypass grafting; CVA = cerebrovascular accident; NYHA = New York Heart Association. 












‘One patient tiud 
-tional repair included 





tient) and single vessel Rei cb om crafting Ge | 


. patient). There were no operative deaths and no patient 
required implantation of a permanent pacemaker before 
- discharge from the hospital. 








4T 78. years, remains i in functional pem IV and i is on 
ntensive medical program, including anticoagulant 
_ therapy for a recent cerebrovascular accident. Among 
-the four operative patients, one died 75 months post- 
í operatively of complications related to a recent myo- 
-cardial infarction. Preoperative coronary angiography 
-had shown a 70 percent stenosis of the right coronary 
"artery, and single vessel coronary bypass grafting was 
also performed at the time of repair of the atrial septal 
3 defect. 
2 Discussion 

vn Incidence: Partial atrioventricular canal defect in 
ey patients is extremely rare. Several large series** 
_of patients with primum atrial septal defect have in- 
_ cluded single patients in the seventh decade of life. To 
_ our knowledge, there have been only two reports?.19 of 


Poe d — data w were obtained in alls six 





d 78 years not operated or on) and on 
aded 79 years EH years after a. 
s: Our 


canal le ne aged | 





features and is ‘the i : nice T adete of hoe. Ad- 
ditiona! cardiac catheterization or angiography may be 
necessary if the clinical findings suggest the presence 
of pulmonary hypertension, mitral. regurgitation or 
associated ischemic heart disease. / ^. cn 

Surgical implications: We believe that operation e 
is indicated in symptomatic elderly patients with partial 
atrioventricular canal defect. The results in our small - 
series are in parallel with those reported by St. John 
Sutton et al.,!! who found that most elderly patients 
with atrial septal defect have disabling symptoms that 
may be substantially lessened by operation and that 
surgical intervention is associated with low morbidity | 
and low mortality. 
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Now in oral form. 
Now for angina pectoris. 





Now for angina pectoris 


ISOPTIN... 


(verapamil HCI/Knoll) 


4 Vy 


In angina 
of effort: 


Isoptin decreases 
myocardial oxygen 
demand and improves 
exercise tolerance 


By decreasing peripheral vascular resistance and 
decreasing cardiac afterload, Isoptin decreases 

the workload of the heart and the amount of oxygen 
consumed by the myocardium. This action accounts 
for the significant improvement in exercise toler- 
ance and reduction in angina attacks that Isoptin 
produces in patients with classic angina of effort. 
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In angina at rest: 


Isoptin dilates the coronary 
arteries and prevents 
coronary vasospasm 


While beta blockers may cause coronary vasocon- 
striction, Isoptin has been shown to prevent spasm 
and to dilate both normal and atherosclerotic coro- 
nary arteries. This action accounts for the significant 
reduction in the frequency of both anginal attacks 
and ischemic ECG events that Isoptin produces in 
patients with unstable (preinfarction, crescendo) 

or Prinzmetal's angina. 


Pharmacologic effects 
of Isoptin in angina pectoris 


INHIBITION OF TRANSMEMBRANE Ca** INFLUX 
Coronary arteries Peripheral vessels 


dilates coronary decreases 
arteries and prevents peripheral vascular 
vasospasm resistance 


increases myocar- decreases cardiac 
dial perfusion afterload 


$ increases 02 supply decreases myocar- 
dial 0; consumption 


The precise mechanism of action of Isoptin as an 
antianginal agent remains to be fully determined, 
but it is likely that its therapeutic effects result from a 
combination of the pharmacologic properties in the 
chart above. 


Please see last page of this advertisement for brief 
summary of prescribing information. 








ISOP TIN Ma 
(verapamil HCI/Knoll) 


"t 


U 
7 


p 

f "^ 

x 

1e.. 

, 
ri 
P. c 
/ 


œ 


aW! “= 





In angina of effort, 
patients on Isoptin 
exercised significantly 
longer 


In three comparative studies, exercise 
time was significantly longer with Isoptin 
than with propranolol or placebo.'? It is 
likely that patients who enter a clinical 
trial for a new drug have found available 
therapy unsatisfactory. In Study 2 in 

the chart, for example, patients had 
been titrated to maximum tolerated 
doses of propranolol, but were still ex- 
periencing effort-induced angina. It is 
likely that the patient population of 
these three studies was relatively refrac- 
tory to propranolol. Further studies are 
required before a conclusion can be 
drawn from these data. 


In angina at rest, 
patients on Isoptin 
had significantly fewer 
ischemic episodes 


Unstable (preinfarction, crescendo) 
angina: In the study depicted in the 
chart, Isoptin produced a highly signifi- 
cant reduction in transient ischemic ECG 
events and nitroglycerin consumption, 
while propranolol did not differ signifi- 
cantly from placebo.* 

Prinzmetal's variant angina: In a 
nine-month, double-blind study of 16 
patients, Isoptin reduced anginal 
frequency by 8796, nitroglycerin con- 
sumption by 8596 and the number of 
ST-segment deviations on Holter moni- 
toring by 77%, compared to placebo. * 
Please see last page of this advertisement for 
brief summary of prescribing information. 


ANGINA OF EFFORT 


Double-blind, crossover comparisons of placebo, 
propranolol and Isoptin 


N= 
11 | 
P E P | 


P | 
320 mg/ 480 mg/  255mg/ 480 mg/ 240mg/ 360mg 
day day day day day day 
STUDY 1 STUDY 2 STUDY 3 


E] Placebo [P] Propranolol [t] Isoptin 


)) 


Mean maximal exercise time (mir 


ANGINA AT REST 


Single-blind, crossover comparison of placebo, 
propranolol and Isoptin 


[2] Placebo 
B3] Propranolol 
300 mg/day 
B] Isoptin 
400 mg/day 
NS=Not significant 


Transient : Nitro- p<0.01 
ST- segment glycerin 
changes intake 


(Avg/48 h (Avg/48h;/ 
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ISOPTIN... 


(verapamil HCI/Knoll) 


Marked therapeutic 
effects with infrequent 
serious side effects 


In most patients, including those with 
organic cardiac disease, the negative ino- 
tropic action of Isoptin is countered by 
reduction of afterload, and cardiac index 
is usually not reduced. Compared to 
propranolol, Isoptin has only modest ef- 
fect on the resting heart rate; in three 
comparative studies in which the mean 
resting heart rate on placebo ranged from 
76 to 82 beats/minute, the mean range 
on Isoptin was 70 to 73 beats/minute, 
compared to 55to 65 beats/minute on 
propranolol.'? Isoptin does not alter total 
serum calcium levels. 


Incidence in 
1166 patients 


Adverse reaction 
to Isoptin 


6.5906 
5.6% 
2.9% 
1.8% 
1.7% 
1.6% 


Constipation 
Dizziness 
Hypotension 
Headache 
Peripheral edema 
Nausea 
Bradycardia 

(HR — 50 beats/min) 
Fatique 
CHF or pulmonary 

edema 
AV block 

(third degree) 


1.1% 
1.1% 


0.9% 


0.8% 


Why Isoptin, and nota 
beta blocker? 


In addition to its high degree of efficacy in 
both major types of angina, Isoptin re- 
quires no special caution in patients with 


asthma, COPD, diabetes or peripheral 
vascular disease, including Raynaud's 
Disease. 


Careful patient 
selection is important 


Isoptin is contraindicated in severe left 
ventricular dysfunction, sick sinus syn- 
drome (except in patients with a function- 
ing artificial ventricular pacemaker), 
hypotension or cardiogenic shock and 
second- or third-degree AV block. 


Concomitant use 
with other cardioactive 
drugs warrants caution 


In view of limited experience with 
concomitant use of Isoptin and beta 
blockers, Isoptin should be used alone, if 
possible. If combination therapy is used, 
it should involve close surveillance of vital 
signs and clinical status, periodic reas- 
sessment of the need for concomitant 
treatment with the beta blocker, and 
should probably be avoided in patients 
with AV conduction abnormalities or de- 
pressed left ventricular function. Since 
concomitant use of calcium antagonists 
and digoxin increases serum digoxin 
levels, maintenance digoxin dosage 
should be reduced and the patient care- 
fully monitored. Until further data are 
obtained, disopyramide phosphate 
should not be administered within 48 
hours before or 24 hours after Isoptin; 
and in patients with hypertrophic car- 
diomyopathy, quinidine should not be 
administered concomitantly with Isoptin. 


Please see next page for brief Summary 
of prescribing information. 





Now for 
angina pectoris 


ISOPTIN” 
(verapamil 
hydrochloride) 
Oral Tablets 


Brief Summary 
Consult package insert for tull prescribing information. 


INDICATIONS AND USAGE 
Isoptin is indicated for the treatment of angina pectoris including: 


1. Angina at rest including: 
— Vasospastic (Prinzmetal's variant) angina 
— Unstable (crescendo, pre-infarction) angina 
2. Chronic stable angina (classic effort-associated angina) 


CONTRAINDICATIONS 
Verapamil HCI is contraindicated in: 


1. Severe left ventricular dysfunction (see Warnings) 


2. Hypotension (less than 90 mm Hg systolic pressure) or cardiogenic 
shock 


3. Sick sinus syndrome (except in patients with a functioning artificial 
ventricular pacemaker) 


4. Second- or third-degree AV block 


WARNINGS 

Heart Failure: Verapamil has a negative inotropic effect which, in most 
patients, is compensated by its afterload reduction (decreased peripheral 
vascular resistance) properties without a net impairment of ventricular 
performance. In clinical experience with 1166 patients, 11 (0.9%) de- 
veloped congestive heart failure or pulmonary edema. Congestive heart 
failure/pulmonary edema led to discontinuation or reduction in dosage of 
verapamil in 6 (0.5%) patients. Verapamil should be avoided in patients 
with severe left ventricular dysfunction (e.g., ejection fraction less than 
30% or moderate to severe symptoms of cardiac failure) and in patients 
with any degree of ventricular dysfunction if they are receiving a beta 
blocker (see Drug Interactions). Patients with milder ventricular dysfunc- 
tion should, if possible, be controlled with optimum doses of digitalis 
and/or diuretics before verapamil treatment (Note interactions with digoxin 
under: Precautions). 

Hypotension: Occasionally, the pharmacologic action of verapamil may 
produce a decrease in blood pressure below normal levels which may re- 
sult in dizziness or symptomatic hypotension. Hypotension is usually 
asymptomatic, orthostatic, mild and can be controlled by a decrease in 
the Isoptin dose. The incidence of hypotension observed in 1166 patients 
enrolled in clinical trials was 2.996. 


Elevated Liver Enzymes: Occasional elevations of transaminases and 
alkaline phosphatase have been reported. Two patients had marked eleva- 
tion of transaminase with recurrent elevation upon rechallenge with 
verapamil. Although these patients were not biopsied, the potential for 
hepatocellulartype injury with verapamil appears to exist. Worldwide ex- 
perience has not revealed similar cases and the incidence of this injury is 
not known. Patients receiving verapamil should have liver enzymes moni- 
tored periodically. 

Atrial Flutter/Fibrillation with Accessory Bypass Tract: Patients 
with atrial flutter or fibrillation and an accessory AV pathway (e.g., Wolff- 
Parkinson-White or Lown-Ganong-Levine syndromes) may develop in- 
creased antegrade conduction across !he aberrant pathway bypassing 

the AV node, producing a very rapid ventricular response after receiving 
verapamil (or digitalis). Treatment is usually D.C.-cardioversion. Cardio- 
version has been used safely and effectively after oral Isoptin. 


Atrioventricular Block: The effect of verapamil on AV conduction and 
the SA node leads to first-degree AV block and transient bradycardia, 
sometimes accompanied by nodal escape rhythms, fairly commonly dur- 
ing the peaks of serum concentration. Higher degrees of AV block, 
however, were infrequently (0.896) observed. Marked first-degree block or 
progressive development to second- or third-degree AV block requires a 
reduction in dosage or, in rare instances, discontinuation of verapamil 
HCI and institution of appropriate therapy depending upon the clinical 
situation. 


Patients with Hypertrophic Cardiomyopathy (IHSS): In a total of 
120 patients referred to the National Institute of Health because of hyper- 
trophic cardiomyopathy (most of them refractory or intolerant to propran- 
olol) who received therapy with verapamil at doses up to 720 mg/day, 

a variety of serious adverse effects were seen. Three patients died in 
pulmonary edema; all had severe left ventricular outflow obstruction and 
a past history of left ventricular dysfunction. Eight other patients had 
pulmonary edema and/or severe hypotension; abnormally high (over 

20 mm Hg) capillary wedge pressure and a marked left ventricular outflow 
obstruction were present in most of these patients. Concomitant adminis- 
tration of quinidine preceded the severe hypotension in 3 of the 8 patients 
(2 of whom developed pulmonary edema). Sinus bradycardia occurred in 
1196 of the patients, second-degree AV block in 496 and sinus arrest in 
2*6. It must be appreciated that this group of patients had a serious dis- 
ease with a high mortality rate. Most adverse effects responded well to 
dose reduction and only rarely did verapami! have to be discontinued. 








PRECAUTIONS 

General 

Use in Patients with Impaired Hepatic Function: Since verapamil is 
highly metabolized by the liver, it should be administered cautiously to 
patients with impaired hepatic function. Severe liver dysfunction prolongs 
the elimination half-life of verapamil to about 14 to 16 hours; hence, ap- 
proximately 30% of the dose given to patients with normal liver function 
should be administered to these patients. Careful monitoring for abnor- 
mal prolongation of the PR interval or other signs of excessive pharmaco- 
logic effects (see Overdosage) should be carried out. 


Use in Patients with Impaired Renal Function: About 70% o! an 
administered dose of verapamil ts excreted as metabolites in the urine. 
Until further data are available, verapamil should be administered cau- 
tiously to patients with impaired renal function. These patients should be 
carefully monitored for abnorma! prolongation of the PR interval or other 
signs of overdosage (see Overdosage). 


Drug Interactions 

Beta Blockers: Controlled studies in small numbers of patients suggest 
that the concomitant use of Isoptin and beta-blocking agents may be 
beneficial in patients with chronic stable angina but available information 
is not sufficient to predict with confidence the effects of concurrent treat- 
ment, especially in patients with left ventricular dysfunction or cardiac 
conduction abnormalities. 

The combination can have adverse effects on cardiac function. In one 
study of 15 patients treated with high doses of propranolol (median dose: 
480 mg/day, range 160 to 1280 mg/day) for severe angina, with pre- 
served left ventricular function (ejection traction greater than 35%), the 
hemodynamic effects of additional therapy with Isoptin (verapamil HCI) 
were assessed using invasive methods. The addition of verapamil to high 
dose beta blockers induced modest negative inotropic and chronotropic 
effects which were not severe enough to limit short-term (48 hours) com- 
bination therapy in this study. These modest cardiodepressant effects 
persist for greater than 6, but less than 30 hours after abrupt withdrawa: 
of beta blockers and were closely related to plasma levels of propranolol. 
The primary verapamil/beta-biocker interaction in this study appeared to 
be hemodynamic rather than electrophysiologic. 

In three other studies involving 51 patients, verapamil did not induce 
negative inotropic or chronotropic effects in patients with preserved left 
ventricular function receiving low or moderate doses of propranolol (less 
than or equal to 320 mg/day). Because of the still limited experience with 
combination therapy verapami! should be used alone, if possible. If com- 
bined therapy is used, close surveillance of vital signs and clinical status 
should be carried out and the need for concomitant treatment with 
propranolol reassessed periodically. Combined therapy should probably 
be avoided in patients with atrioventricular conduction abnormalities and 
those with depressed left ventricular function. 


Digitalis: Chronic verapamil treatment increases serum digoxin levels 
by 50% to 70% during the first week of therapy and this can result in 
digitalis toxicity. Maintenance digitalization doses should be reduced 
when verapamil is administered and tne patient should be carefully moni- 
tored to avoid over- or underdigitalization. Whenever overdigitalization is 
suspected, the daily dose of digoxin should be reduced or temporarily 
discontinued. Upon discontinuation of Isoptin, the patient should be 
monitored to avoid underdigitalization. 


Antihypertensive Agents: Verapamil administered concomitantly with 
oral antihypertensive agents (e.g., vasodilators, diuretics) may have an 
additive effect on lowering blood pressure. Patients receiving these 
combinations should be appropriately monitored. In patients who have 
recently received drugs such as methyldopa, which attenuate alpha- 
adrenergic response, combined therapy of verapamil and propranolol 
should probably be avoided (severe hypotension may occur). 


Disopyramide: Until data on possible interactions between verapamil 
and disopyramide phosphate are obtained, disopyramide should not 
be administered within 48 hours before or 24 hours after verapami! 
administration. 


Quinidine: In a small number of patients with hypertrophic cardio- 
myopathy (IHSS), concomitant use of verapamil and quinidine resulted 
in significant hypotension. Until further data are obtained, combined 
therapy of verapamil and quinidine in patients with hypertrophic cardio- 
myopathy should probably be avoided. 


Nitrates: Verapamil has been given concomitantly with short- and 
long-acting nitrates without any undesirable drug interactions. The 
pharmacologic profile of both drugs and the clinical experience suggest 
beneficial interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Adequate 
animal carcinogenicity studies have not been performed with verapamil. 
An 18 month toxicity study in rats, at a low multiple (6 fold) of the maxi- 
mum recommended human dose, and not the maximum tolerated dose, 
did not suggest a tumorigenic potential. A two year carcinogenicity stucy 
will be carried out in rats. 

Verapamil was not mutagenic in the AMES test in 5 test strains at 3 mg 
per plate, with or without metabolic activation. 

Studies in female rats at daily dietary doses up to 5.5 times (55 mg/ 
kg/day) the maximum recommended human dose did not show impaired 
fertility. Effects on male fertility nave not been determined. 


Pregnancy: Pregnancy Category C. Reproduction studies have been 
performed in rabbits and rats at oral doses up to 1.5 (15 mg/kg/day) and 
6 (60 mg/kg/day) times the human oral daily dose respectively, and have 
revealed no evidence of teratogenicity In the rat, however, this multiple of 
the human dose was embryocidal and retarded fetal growth and develop- 
ment, probably because of adverse maternal effects reflected in reduced 
weight gains of the dams. This oral dose has also been shown to cause 
hypotension in rats. There are no adequate and well-controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response. this drug should be used during preg- 
nancy only if clearly needed. 


Labor and Delivery: It is not known whether the use of verapamil dug 
ing labor or delivery has immeciate or delayed adverse effects on the 
fetus, or whether it prolongs the duration of labor or increases the need 
for forceps delivery or other obstetric intervention. Such adverse experi- 
ences have not been reported in the literature, despite a long history of 
use of Isoptin in Europe in the treatment of cardiac side effects of beta- 
adrenergic agonist agents used to treat premature labor. 


Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and be- 
cause of the potential for adverse reactions in nursing infants from 
verapamil, nursing should be discontinued while verapamil is adminis- 
tered. Studies in rats at 2.5 times (25 mg/kg/day) the maximum recom- 
mended human dose revealed no evidence of an effect of verapamil on 
lactation or weaning. 


Animal Pharmacology and/or Animal Toxicology: Chronic animal 
toxicology studies indicate that verapami! causes lenticular and/or 
suture line changes at 30 mg/kg/day or greater and frank cataracts at 
62.5 mg/kg/day or greater in the beagle dog but not the rat. These effects 
are thought to be species-specific. Development of cataracts due to 
verapamil has not been reported in man. 


ADVERSE REACTIONS 

Serious adverse reactions are rare when Isoptin therapy is initiated with 
upward dose titration within the recommended single and total daily 

dose. The following reactions to orally administered Isoptin were reported 
from clinical experience in 1166 patients with angina or arrhythmia. Ad- 
verse reactions occurred at a similar rate in controlled clinical trials and 
uncontrolled clinical experience. 


Cardiovascular: Hypotension (2.995), peripheral edema (1.796), 
AV block (third-degree) (0.8%), bradycardia (HR <50/min, 1.1%), 
congestive heart failure or pulmonary edema (0.9%). 


Central Nervous System: Dizziness (3.6%), headache (1.8%), 
fatigue (1.1%). 


Gastrointestinal: Constipation (6.3%), nausea (1.6%). 


The following reactions, reported in less than 0.5%, occurred under cir- 
cumstances where a causal relationship is uncertain and are therefore 
mentioned to alert the physician to a possible relationship: confusion, 
paresthesia, insomnia, somnolence, equilibrium disorder, blurred vision, 
syncope, muscle cramp, shakiness, claudication, hair loss, macules, 
spotty menstruation. 

In addition, more serious adverse events were observed, not readily 
distinguishable from the natural history of the disease in these patients. 
Cf the 1166 patients evaluated, 16 (1.496) had myocardial infarctions. 
Nine of these 16 patients had myocardial infarctions while being treated 
for unstable angina, 4 of these were receiving placebo, the remaining 5 
received verapamil. 

The daily dose of verapamil was reduced in 6.396 and discontinued in 
5.5% of the 1166 patients (41% of the patients received verapamil treat- 
ment longer than 6 months). In general, the highest incidence of adverse 
reactions was seen in the dose titration periods in all the studies. 


Treatment of Acute Cardiovascular Adverse Reactions: The fre- 
quency of cardiovascular adverse reactions which require therapy is rare; 
hence, experience with their treatment is limited. Whenever severe hypo- 
tension or complete AV block occur following oral administration of 
verapamil, the appropriate emergency measures should be applied 
immediately, e.g., intravenously administered isoproterenol HCI, levar- e 
terenol bitartrate, atropine (all in the usual doses), or calcium gluconate 
(1096 solution). In patients with hypertrophic cardiomyopathy (IHSS), 
alpha-adrenergic agents (phenylephrine, metaraminol bitartrate or meth- 
oxamine) should be used to maintain blood pressure and isoproterenol 
and levarterenol should be avoided. If further support is necessary, ino- 
tropic agents (dopamine or dobutamine) may be administered. Actual 
treatment and dosage should depend on the severity of the clinical situa- 
tion and the judgment and experience of the treating physician. 


OVERDOSAGE 

Treatment of overdosage should be supportive. Beta-adrenergic stimula- 
tion or parenteral administration of calcium solutions may increase 
calcium ion flux across the slow channel, and have been used effectively 
in treatment of deliberate overdosage with verapamil. Clinically signifi- 
cant hypotensive reactions or fixed high degree AV block should be 
treated with vasopressor agents or cardiac pacing, respectively. Asystole 
should be handled by the usual measures including cardiopulmonary 
resuscitation. 


DOSAGE AND ADMINISTRATION 

The dose of verapamil must be individualized by titration. Isoptin is avail- 
able in 80 mg and 120 mg tablets. The usual initial dose is 80 mg three 
or four times a day. Dosage may be increased at daily (e.g., patients with 
unstable angina) or weekly intervals unti! optimum clinical response is 
obtained. In general, maximum effects of any given dosage would be 
apparent during the first 24 to 48 hours of therapy, but note that between 
24 to 48 hours the half-life of verapamil increases, hence maximum re- 
sponse may be delayed. The tatal daily dose ranges from 240 to 480 mg. 
The optimum daily dose for most patients ranges from 320 to 480 mg. 
The usefulness and safety of dosages exceeding 480 mg per day in 
angina pectoris have not been established. 3/82 2045 


References: 1. Frishman WH, Klein NA, Strom JA, et al: Circulation 65 
(Suppl |):151-159, 1982. 2. Leon MB, Rosing DR, Bonow RO, et al: Amer 
J Cardiol 48:131- 139, 1981. 3. Bala Subramanian V, Bowles MJ, Davies 
AB, et al: Amer J Cardiol 49:125-132, 1982. 4. Data on lile, Knoll 
Pharmaceutical Company. 5. Johnson SM, Mauritson DF, Willerson JT, 
et al: New Engl J Med 304:862-866, 1981. 
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The purpose of this study w was to determine the vm distribution o lic 
ocaine relative to blood flow in ischemic, normal and border zone canin 
myocardium. Ischemic zone tissue was distinguished from normal zor 
tissue by a special microsphere technique in adjacent sections 4 to 5 mr 
wide from the center to the lateral border of the ischemic region in 14 ope 
chest dogs. Gamma-labeled microspheres were separated bya sp 
technique from carbon- 14 (| '4C])-lidocaine in the same tissue samy 
Blood flow (mean value + 1 standard deviation) was reduced to 46 
percent of normal in the ischemic subepicardium and 17 + 18 per 
of normal in the subendocardium. | '^C |-Bidocaine was 0.56 + 0.12 u 
in normal myocardium 10 minutes after bolus injection of [ ^C -idocain 
it was reduced to 91 + 15 percent of normal in ischemic subepicardiur 
and 58 + 12 percent of normal in the subendocardium. Blood flow an 
lidocaine concentration were uniformly lowest in gross samples fro 
central and intermediate ischemic zones, and highest in the gross sample 
from the border normal zone (p <0.05). The values for flow and lidocait 
in samples from the border ischemic zone were intermediate, that 
higher than values from central ischemic (p <0.05) and lower than value 
from border normal zone samples (p <0.05). However, the labelii 
technique for normal zone tissue revealed that the values of blood flo 
and lidocaine in the gross samples from the lateral border of the ischemic 
zone were intermediate between those of adjacent ischemic and normal 
samples because of the mixture of overlapping normal and ischemic 
tissues components—not because of a unique mildly ischemic region 
Both blood flow and lidocaine concentration were lower in the subend. 
cardial third than in the subepicardial third of the ischemic zone (p <0. 0! 
even after the contribution of normal zone tissue was subtracte 
suggesting a gradient of ischemia across the transmural border zí 

in conclusion, lidocaine is distributed uniformly in ischemic comp: 
from the center to the lateral border of the ischemic zone, but there 
endocardial to epicardial gradient. Both lateral and transmural border zor 
distributions must be considered to understand the mechanisms of dr | 
effects in myocardial ischemia. | 


Lidocaine is the most effective drug for ventricular aPrhin fuas 
acute myocardial ischemia or infarction.! It exerts its eleetroph: 
actions preferentially on ischemic rather than on normal myoca di 
A necessary first step to understand why the drug has pre 
electrophysiologic. effects in ischemic tissue is to determine 
drug is present, because the low blood flow to ischemic m 
would be expected to limit drug delivery. This knowledge w 
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normal zone. They noted that the lateral 
ne between normal and central ischemic tissue 
for bloo 








od flow and procainamide concen- 
were intermediate between values in sam- 
m normal and ischemic tissue. They pointed out 
data could not distinguish whether these in- 
ite values in the lateral border zone were the 
amples containing mixtures of normal and 
sue components, or (2) of a unique border 
e severity of ischemia was milder than 
1e ischemic region.’ This distinction 
nt because the border between normal and 
hemic myocardium is reported to play an important 
in the genesis of ventricular arrhythmias after ex- 
ental coronary occlusion.8-!! 
microsphere-labeling technique has been devel- 
ed!” and used'?'^ to label quantitatively the normal 
e components mixed with ischemic tissue compo- 
in samples dissected from the lateral border zone. 
he purposes of this study are to determine (1) how 
tuch lidocaine reaches the ischemic myocardium 10 
nutes after a bolus injection after experimental cor- 
































occlusion, in view of the important electrophys- 
logic and antiarrhythmic effects of the drug at that 
met! and (2) how lidocaine is distributed between 

enter and the lateral border of the ischemic zone, 
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ram of the heart showing the microsphere technique designed to label normal zone tissue with microspheres to distinguish it from 
mic, unlabeled myocardium. A shunt from the carotid to the left anterior descending {LAD} coronary artery contains a two chamber 
“chamber of this reservoir is filled with blood that is free of microspheres. Then the clamp on the system is adjusted to perfuse th 
descending artery with blood that contains no radioactive microspheres. The artery is perfused at aortic pressure to minimize flow 
rial anastomoses. During this independent left anterior ject 
atrium to distribute according to blood flow through all coron 
? Microspheres destined for the left anterior desce 
erial perfusion system. At postmortem examin 
the myocardial distribution of this artery {brok 
tissue in the lateral border of the blue-stained zon 
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| | Methods _ IU. 
Animal preparation: Fourteen mongrel dogs weighing 18. 
to 25 kg were anesthetized with pentobarbital, 30 mg/kg in- . 
travenously (with supplemental doses as needed), and ven- 
tilated by a Harvard respirator with room air. Side-hole _ 
catheters were inserted into one femoral vein and both femoral .. 
arteries, where they were advanced to the aorta. A thoracot- 
omy in the fourth left intercostal space and pericardiotomy 
allowed dissection of the left anterior descending coronary 
artery distal to its first two to three diagonal branches. Two 
side-hole catheters were inserted through a stab wound in the - 
left atrial appendage, and one of these was advanced into the _ 

left ventricle. Heparin, 5,000 units, was administered intra- 
venously with supplemental doses of 2,000 units every 30 
minutes. Arteriotomy of the left common carotid artery was 
performed for insertion of a large bore plastic catheter. This 
catheter was connected by short sections of stiff plastic tubing, 
0.5 cm inner diameter, to a reservoir perfusion system (Fig. 
1). This perfusion system was inserted into the left anterior - 

descending coronary artery, distal to the first two tothree 
diagonal branches. The coronary artery was ligated distal to 

the first diagonal branch, incised distal to the ligature, and à 
steel 12 gauge needle with a blunt tip inserted and secured. 

Flow through the artery was interrupted for 30 to 120 seconds, 
usually less than 60 seconds. We measured myocardial blood 
flow with microspheres 5 minutes before and 20 minutes after 
coronary cannulation in five dogs and confirmed that can- 
nulation caused no change in blood flow to left anterior de- 
scending-dependent or other myocardium. Statham P23ID 
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descending arterial perfusion, microspheres (dotted area) are injected: 

ary branches except the left anterior descending-dependent, potentially > 
nding artery were trapped instead in the second chamber of the carotid - 
ation we injected 3 to 5 mi of Eve 













vans blue dye into the left anterior descending 
; shown, microspheres labeled in intermediate 




































































ary perfusion on system. fis with blood from the caroud = 


adjusting the clamps and stopcocks. When one of 
ambers in the reservoir is filled with 60 ml of blood, 


m the reservoir. The mean and phasic pressures 
ary perfusion system are recorded to confirm that 
ary artery is being perfused at essentially aortic 
Radioactive microspheres, diameter 9 to 10 y, la- 
ad with either strontium-85, niobium-95 or scandium-46 
{ Company), are injected into the left atrium while blood 
is collected for 90 seconds from an aortic catheter at 15.0 


— ml/min by a calibrated withdrawal pump. The microspheres 


s injected under these conditions distributed according to blood 


aay flow.to label all of the heart except that portion supplied 
ue specifically by the coronary artery distal to the cannula per- 
— fusion system. The coronary artery is perfused at aortic 


pressure to minimize flow though interarterial anastomotic 
'essels. 

_ The first set of microspheres labels all tissue components 
that. would remain nonischemic after coronary occlusion be- 


* -cause the tissue would continue to receive its normal perfusion 
-< from the left circumflex or right coronary artery or the left 


-anterior descending coronary branches proximal to the point 
of cannula insertion. Thus, normal zone tissue components 


| ; án the vicinity of the left anterior descending-dependent tissue 
< are labeled by these microspheres; and ischemic zone tissue 


e ‘components (dependent entirely on the coronary artery distal 


-to the cannula insertion) can be identified by the absence of 


-. this label. The fraction of normal zone tissue in any given gross 
-.. sample can be estimated by the ratio of counts/gram due to 
this microsphere label in the particular sample, relative to 
" eounts/gram in the normal zone, remote from the cannulated 
coronary. 

Tissue sample dissection and preparation: At the end 
of each experiment, 3 to 5 ml of Evans blue dye was injected 
slowly down the left anterior descending cannula to stain the 
tissue in the myocardial distribution of the artery (Fig. 1). This 


-— injection did not influence either the actual concentration or 


he liquid scintillation counting of the carbon-14 ({}4C])-lid- 
ocaine, as shown by comparing the ratio of lidocaine to blood 
| flowi in hearts with versus those without the dye injection. 

Two investigators cut each heart into four doughnut- 


c. shaped rings from apex to base. Two very thick rings con- 
: tained the apex and base, respectively; and the two central 


rings were cut 3 to 5 mm thick for careful dissection into 
‘blue-stained (ischemic) and unstained (normal) zones along 
the irregular boundary. Adjacent samples were then dissected 
without discarding any intervening tissue) at 4 to 5 mm in- 
tervals from the center of the blue-stained ischemic, inter- 
mediate or mid ischemic zone, the border ischemic (blue- 
tained) zone and the border normal (unstained) zone. Sam- 
ples were taken from two adjacent central rings of the heart 
and divided into thirds from endocardium to epicardium, so 
hat individual samples weighed 0.5 to 1.3 g each. 

These samples were then weighed and counted in a gamma 
scintillation counter in windows appropriate for each 
ma-emittt ng radionuclide. After background correction, 
ts i in each window: were corrected for crossover. activity 
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lows: The details of this prone die: and the e 


are reported elsewhere!? and described here or 
the samples were dissolved completel so that 
remained, and the microspheres were allowe: to set 












We measured [!4C]-lidocaine by liquid scintillation 
using the internal standard method.!* Aliquot: 3 of 
pernatant" from the tissue solubilization: were alw 
gamma radioactivity, to confirm that, physical sep: 
gamma-labeled microspheres from [!4C]- lidocaine h: 
achieved and that the gamma labels had not leachec 
microspheres, to interfere with ['*C]- lidocaine mes 
ments. ; 
Protocol: After the dogs were prepared aid control 
surements were made, we used the reservoir perfusion 
nique to label normal zone tissue with microspheres. N 
occluded the coronary perfusion cannula to make the 
ischemic. Two minutes later we injected lidocaine labele 
[4C] in the carbonyl position, 150 microcuries (uC), a 
of the drug intravenously. Three minutes after occlusion 
injected another set of 2 million microspheres, labelec 
a different radionuclide, into the left atrium. In four dogs 
injected microspheres labeled with a third radionuclide [| 
minutes after coronary occlusion to determine whethe 
myocardial blood flow changed between 3 and 10.5 min 
after occlusion. Twelve minutes after occlusion, 1 we killed h 
animals and quickly excised their heart. 
Analysis of data: Myocardial blood flow (MBP) was € 
culated with the cone : 


























































where cpm = counts per minute and withdrawal rate = + 
of withdrawal of reference arterial blood sample (ml - min^!).! 
Myocardial blood flow to each sample was also expressed 
a percent (%) of the blood flow measured simultaneously 
the same radionuclide to the remote normal zone: (RNZ 


MBF sample X 100 is 
MBFrnz — 
[4C]-lidocaine concentration was expressed as. 
disintegrations/min (dpm) due to lidocaine, afte 
correction by the internal standard (std) method. 
counts were corrected to express [!4C]-lidocaine (lido) a 


tissue (tiss), by the application of standard methods” 
lows: 


% Normal zone MBF = 











lido ug _ 
tiss g 


75 mg lido cpm lido 
— 150 pCi lido g tiss 
Kui)  dpm-std . 
dpm  cpm-std. : 








where 75 mg of lidocaine contained 150 wCi; cy 
counts/min in tissue; KuCi/dpm = 1 uCi/2.22. 
dpm-std = known disintegrations/min of stai 
which gave the observed cpm-std. ‘Then the [! 
concentration in each sample was express 
its concentration in the remoter nor ma 
a caleulation: ce nt 
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jostocclusion versus preocclusion. t p <0.01, mean 
e versus coronary perfusion pressure. 

ean aortic pressure; Cor P = mean coronary perfusion 
VEDP = left ventricular end-diastolic pressure; LVP = peak 
ft ventricular pressure. 


(ug [MC] -lidocaine/g in sample) - (100) 
(ug [4C]-lidocaine/g in remote normal zone) 
We used the microsphere-labeling technique during in- 
dependent perfusion of the left anterior descending coronary 

ry from the reservoir to estimate the fraction of normal 
for example, circumflex-dependent) tissue interdigi- 
with the ischemic components of mixed samples. We 
erenced the counts per minute per g of this microsphere 
el in any given sample relative to the remote normal zone 
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as shown for myocardial blood flow?4: 


MBF; = MBFos) — (FNZD(MBFgaw)] 
EEIE IO E aaa aac a 
1 ~ (FNZT) | FA 
where MBFic = myocardial blood flow to ischemic compo- . 
nents of a mixed or gross sample 3 minutes after coronary 
occlusion; MBF gs = total blood flow to the gross samples 
mixture 3 minutes after occlusion; FNZT = fraction of normal 
zone tissue, as calculated previously from the first microsphere 
injection, during separate reservoir perfusion of the left an- ` 
terior descending artery; MBFnwz = flow to the remote nor- 
mal zone sample, measured 3 minutes after coronary oeclu- 
sion. The factor, 1 — FNZT, is used to correct for the weight 
of normal zone tissue present in the gross sample in order to 
express flow to ischemic components/unit weight of ischemic 
components.!* The same equation was used for lidocaine to 
calculate the concentration of lidocaine present in the isch- 
emic components of gross samples. meon 
Statistical analysis: We tested the significance of differ- 
ences in hemodynamic variables at different times using 
Student's t test for paired variables cr analysis of variance as 
appropriate. We calculated the best fit linear regression 
equation and the correlation coefficient, and we used analysis 
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yet of the left ventricle. The height of ear 
How to normal (open bari and isch 










Results 


amic data: "Table I indicates the mean + 
eviation for heart rate and blood pressure 
times in all dogs. The heart rate and left 
lar end-diastolic pressure did not change sig- 
ntly. Peak systolic left ventricular pressure and 
ean aortic and coronary pressures decreased after 
- coronary occlusion (p <0.05). The difference between 
-aortic and coronary perfusion pressure (2 mm Hg) was 
. not significant during reservoir perfusion, but widened 
- dramatically after occlusion of the coronary perfusion 
. system, as expected (p <0.01). None of the hemody- 
- namic variables changed significantly between 2 and 12 
minutes after occlusion. Myocardial blood flow to the 
. remote normal zone was 1.10 + 0.45 ml - min^!g^! 3 
. minutes after coronary occlusion; and blood flow to the 
- center of the blue stained ischemic zone was 0.36 + 0.16 
- ml « min^!g- !. ['^C]-lidocaine concentration was 0.56 
c3 0.12 ug/g myocardium i in the remote normal zone and 
..0.40 + 0.08 in the central ischemic zone. A third mi- 
P crosphere injection 10.5 minutes after coronary occlu- 
_ sion in four dogs demonstrated no change in collateral 
. blood flow between 3 and 10.5 minutes after occlu- 
sion. 
C Distribution of blood flow across lateral and 
-transmural border zones: Figure 2 indicates the dis- 
-tribution of myocardial blood flow in adjacent lateral 
samples 4 to 5 mm wide. The lateral border zone for 
"blood flow is analyzed in each transmural layer of the 
-deft ventricle. Total flow or gross sample flow in the 
— blue-stained border ischemic zone is greater than its 
. adjacent intermediate ischemic sample and less than 
adjacent border normal zone sample. The reservoir 
fusion microsphere data were used as a label for 
- normal zone tissue in each gross sample, as indicated 
ES previously. We calculated the net blood flow to ischemic 
- components of each gross sample, after subtracting the 
lood flow contribution from overlapping normal zone 
ssue (that is, tissue that depended on patent arteries 
- other than the left anterior descending artery distal to 
| its site of occlusion). The major finding is that no layer 
howed any difference in blood flow specifically to 
hemic components between border ischemic and 
"mediate ischemic zones. The difference in total 
flow to gross samples in the blue-stained ischemic 
ne thus seems to be accounted for by the contribution 

lood flow from overlapping normal zone tissue. This 
ip is maximal in the deep layers of the border 
zone. ed —— vadis Wade no dif- 
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does not differ from the mid myacandia t 
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FIGURE 3. Myocardial blood flow (MBF) in different tra sm 
of the left ventricular wall analyzed for each lateral loc 
tions are the same as in F doe 2. in ihis central i is 
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Coo FRACTION OF NORMAL ZONE TISSUE LABELED 
IGURE 4. Myocardial blood flow as a function of the fraction of normal 
one tissue in the sample. This graph indicates a good correlation (r? 
0.69) between the fraction cf normal zone tissue in a full thickness 
ean transmural sample and the myocardial blood flow to the sample 
elative to the normal zone. Calculated fraction of normal zone tissue 
lightly exceeds. 1.0 in the border normal zone in a few dogs because 
'e calculation is based on remote normal zone activity of the micro- 
ohere label injected during reservoir perfusion of the left anterior de- 
cending artery, and the border normal exceeded the remote normal 
e activity in this labeling. The differences between the two zones 
ere not significant for the group of dogs. 
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layer shows no difference in lidocaine concentration in. 
either gross samples or ischemic components in differ- - 
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V ag + 7%* 914 5% * 
al 0.36 £0. 16 9. 64 + 0.041 .7 X 1.0 














X übehidocandial versus $ subepicardial values. | 0.05 
"flow versus | ^C]-lidocaine. % = central ischemic zone 
f the remote. normal zone. 










. en lateral lobattons fon the ischemic zone. Lidocaine 
. concentration i in the ischemic zone is 85 to 92 percent 
of normal in the subepicardium. 
.. Table I indicates the distribution of lidocaine in 
- different layers of the transmural border zone, and 
— Figure 6 analyzes this transmural distribution sepa- 
_ rately for each lateral location. All blue-stained isch- 
emic samples show equal reduction in lidocaine in 
ubendocardial and mid myocardial layers. Subepi- 
- cardial lidocaine concentration is considerably higher 
thani in deeper layers, indicating a transmural gradient 
. of lidocaine concentration within ischemic myocardium, 
- even after the contribution of overlapping normal tissue 
. is subtracted. Figure 7 indicates that the fraction of 
; normal zone tissue in full thickness gross sample cor- 
- relates weakly with the lidocaine concentration (r = 
0.59). 
-The relation between blood flow and lidocaine (both 
expressed as ischemic/normal zones) indicates that 10 
minutes after bolus administration there is very weak 
correlation between flow and drug concentration (Fig. 
-8 and 9). There is a substantial drug concentration at 
-zerò blood flow, indicating that processes other than 
-blood flow influence lidocaine concentration in ischemic 
- *zones (such as, increased extraction, decreased washout 
-rate from ischemic relative to normal myocardium). The 
relations for blood flow and lidocaine are similar for 
subendocardium and subepicardium. 











Discussion 


ae "Tidscaine concentration in ischemic myocar- 
= dium: A major finding of this study is that lidocaine is 
resent in substantial concentrations in ischemic 
yocardium 10 minutes after a bolus injection to help 
iunt for its early electrophysiologic and antiar- 
ythmic effects. Lidocaine concentration in ischemic 
'ocardium is 0.40 + 0.08 ug/g or 72 + 10 percent of the 

mal zone value, and its distribution increases from 
e ardium to epicardium i in the ischemic zone. The 
ation of [!*C]-lidocaine in the central ischemic 
ardium is 91 + 15 percent of that in the remote 
al subepicardium. The concentration of [}4C]- 
ine is lower but substantial in central subendo- 
! 58 X 12 percent of the normal zone value. - 






















low: This study demon-... | (am 


m with uil: collateral owe i 
ponents had somewhat higher lidocain Y 
in this study (Fig. 2, 3, 5, 6, 8and 9); and ; ‘OSS, sal 
containing more normal zoné tissue tended i 
higher lidocaine concentrations (Fig. 7). p 
Spatial distribution of lidocaine relative to lo 
flow and as a function of time: One feature of 
study deserves further consideration. We studie 
detail the spatial distribution of lidocaine relati 
blood flow in the heart after coronary occlusion 
minutes after bolus injection. The concentrations 
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FIGURE 6. ['4C]-Lidocaine concentration in differ 
of the left ventricular wall, a for eac later 










SUBENDOCARDIAL 14-C-LIDOCAINE (fraction of nc 


| ! 06 08 10 12 14 
0. 06 08 SUBENDOCARDIAL BLOOD FLOW (fraction of normal zone) .- 
„FRACTION OF NORMAL ZONE TISSUE LABELED FIGURE 8. Relation between | “4C]-lidocaine and myocardial blood flow 
é RE. 7 _ Myocardial [4C]-lidecaine concentration as a function of in subendocardial samples, where both are expressed relative tothe — 
e fraction of normal zone tissue in the sample. This graph indicates remote normal zone. Note the fair correlation and the relatively high — 
a fair correlation (r^ = 0.34) between the fraction of normal zone tissue lidocaine concentration at zero flow. This high value of the intercept 
in à sample and the lidocaine concentration relative to the normal zone. on the lidocaine axis indicates that some factors other than blood flow p 


ote that the fraction of normal zone tissue correlates more closely also influence relative lidocaine concentration in ischemic tissue 10 
ith blood flow (Fig. 6) than with lidocaine concentration. minutes after bolus injection. 


: docainé i in blood and myocardium vary as functions 
f time after bolus injection, and this study did not at- 
4 to analyze the pharmacokinetics of lidocaine as ^ ye08140.12 (d 
tion of time after bolus injection because this issue ; r=0.26 
addressed by others for lidocaine923 and pro- nes 
le.24 Acute bolus injection of lidocaine is an psa 
t clinical manuever in therapy of arrhythmias 
ntion of sudden death.! Two recent studies 
bution of procainamide after continuous 4 
7 or bolus injection?! indicate that the 
PEE, in the ischemic zone 


ir ein] "Their data”! Showing 
(ischemic/normal) zone drug concen- 
ime after bolus injections are parallel in 
ith different flows suggest the rela- 
aine data to other time periods. Al- 

e bsolute values of (ischemic/normal) zone 


ion n would vary 3 as a a function o of time | 


SUBEPICARDIAL 14-C-LIDOCAINE (fraction of normal zone) 
















ples were 












ise of th 


g normal and 


ischemic 































ine distribution across the lateral border 
distribution of lidocaine in the lateral border > 
particular interest because arrhythmias are 
arise from this region;5-!! and this issue has 
udied by others.97?4 The term “lateral bor- 
s used here strictly in the anatomic sense to 
a zone of transition between the myocardium 
ipplied by the occluded artery on one side and nor- 
mally perfused myocardium on the other side. A major 
' objective of this study was to determine the character 
- of this transition zone. Our data are consistent with the 
- major experimental evidence that supports the concept 
-. of a lateral border zone of mildly ischemic tissue, that 
-. 4s, finding intermediate values of blood flow, drug or 
netabolite concentrations, histologic necrosis and 
egmental contraction in the lateral border zone.??5-?! 
enger et al." noted cautiously that it was not possible 
. in their study to determine whether these intermediate 
< values of blood flow and procainamide resulted from 
- mildly ischemic border zone tissue or from a mixture of 
. ischemic and normal zone tissue components. 
5^ Wiggers?? observed that the branches of the coro- 
-. nary circulation are end arteries that interdigitate with 
- eachother in a complex way. In recent years, a micro- 
. sphere-labeling technique to distinguish normal from 
ischemic tissue components has been developed? and 
used to define the anatomic basis and physiologic con- 
-. sequences of interdigitation of terminal branches of the 
- coronary circulation in the dog!?^ and in the pig.?? 
_ These microspheres label only normal zone tissue that 
. is perfused by any artery other than the portion of the 
- eleft anterior descending artery that was subsequently 
-. occluded.!?-14 The microspheres carrying this label were 
excluded from the left anterior descending-dependent 
myocardium by perfusing it at aortic pressure with 
lood containing no microspheres. 
o The major finding in this study is that when the 
-lidocaine content of normal zone tissue components is 
subtracted from the total lidocaine concentration in 
gross samples from the lateral borders of the ischemic 
ne, the resulting lidocaine concentration in ischemic 
components is no longer greater than the adjacent 
ischemic zone sample (Fig. 5). Thus, the intermediate 
ue of lidocaine concentration in 4 to 5 mm wide 
iples from the lateral border of the ischemic zone can 
accounted for by a mixture of two homogeneous tis- 
components— normal and ischemic—without need 
| postulate heterogeneity of lidocaine concentration 
the center to the lateral border of the ischemic 
. These results suggest that an ischemic cell in the 
-border of the ischemic zone is exposed to the 





















































of the ischem 
e similar. Thi 






a 


som 








E 


. ischemia 


zone, if their transmurallo- . 


.. of blood flow and ultimate ischemi 















ia 1s m it the center of the isc 
zone. !2-24,33,35-41 Preliminary work b 








- 3 y one of ust? 
a small gradient of blood flow between border anc 
termediate ischemic samples after subtractin 
contribution of normal zone tissue. However, more 
two thirds of the difference in total blood flow : 
border ischemic zone was explained by overla 
normal zone tissue, consistent with the concept th 
lateral border of the ischemic zone consists of am 
of interdigitating normal and ischemic tissue com] 
nents.42 Further, one of these studies compared spe 
cifically the character of the lateral border zone in 
species, dogs and pigs, which show major differences i 
the magnitude of collateral circulation.?? Despite th 
differences, in both species the lateral border zones we: 
characterized by mixtures of normal and ischemic tissue 
rather than by a unique border zone with an interme 
diate severity of ischemia.?? Thus, the results of our 
study are not likely to be unique to the canine 
species. ae 
The absence of a lateral border zone of mildly isch- 
emic cells has been placed on a rational anatomic 
basis. 494! Recent histologic studies*® of hearts with 
differently colored microfil injected into adjacent cor- 
onary branches have shown that the terminal branches _ 
of coronary arteries are end capillary loops that do not 
anastomose with éach other at the microcirculatory - 
level. The absence of capillary anastomoses excludes the _ 
most plausible explanation for a lateral border zonein . 
which there could be an intermediate level of flow after _ 
accounting for the effects of overlapping normal zone 
tissue. 104! zw 
Lidocaine distribution across the transmura 
border zone: Numerous studies f?-1? have indicated 
that coronary occlusion causes greater reduction i 
blood flow and ultimate severity of ischemia and in 
farction in subendocardial than in subepicardial layers 
Our study indicates that blood flow (Fig. 3) and lido 
caine concentrations (Fig. 6) are lowest in subenc 
cardium and highest in subepicardium in either g 
samples or their ischemic components. These find 
are consistent with previous data on blood flow a 
creatine kinase.!?!? Thus, the transmural gradient 
severity of reduction in blood flow and lidocaine ec 
centration is not an artifact of the mixture of n 
and ischemic tissue components. The sube 
layers with the highest values of blood flow ai 
caine have the smallest absolute or relative cont 
from interdigitating normal zone tissue (Fig. 3 an 
The demonstration of a continuous gradient of bk 


























































tween mid myocardial and subepicardial layers 
a geometric substrate for interventions s i 







mechanisms that regulate the transmural distr 










ibi Our findings provide three pieces of in- 
ation that may contribute to understanding the 

thythmic mechanisms of lidocaine in acute 

"dial ischemia. First, the concentration of lido- 
ie present in acutely ischemic canine myocardium 
is greater than would be predicted by the ratio of blood 
flow (ischemic zone/normal zone), but there is still less 
idocaine in ischemic than in normal tissue. Thus the 
preferential electrophysiologic effects of lidocaine on 
schemic tissue? must depend in part on a greater 
slectrophysiologic effect for a given tissue dose of the 
Second, the distribution of lidocaine in the lateral 
order zones of acutely ischemic canine myocardium 
nay also be important to the antiarrhythmic effects of 
the drug. The presence of a mixture of normal and 
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Isolated Perfused Dog and Pig Hearts 




























SE, MD in isolated, Langendorff perfused hearts, 60 direct-current extracellular 
RANCIEN WILMS-SCHOPMAN electrograms were simultaneously recorded from the left ventricular 
Dc M es epicardium. in each experiment, the left circumflex branch and the left - 

eis The Nether AUS anterior descending coronary artery were successively occluded for 15 = 
| | minutes, each occlusion separated by a long reperfusion period. During 
the occlusion, perfusion pressure to the nonoccluded arteries was changed 
from a high to a low value and vice versa, and the position of the elec- 
trophysiologic border (the zone where T-Q segment potentials became 
negative) was determined. in some experiments tissue biopsy samples 
were taken from recording sites and analyzed for lactate and creatine 
phosphate. In all experiments the metabolic border correlated well with 
the electrophysiologic border. in other experiments, the coronary arteries - 5 
were injected with barium sulfale; epicardial collateral channels were | 
found in dog hearts, but not in pig hearts. In seven of eight dog hearts, the 
border could be shifted by changing perfusion pressure; in seven of eight 
pig hearts, it remained constant. Thus, depending on the presence of 
collateral channels, changes in perfusion pressure could enlarge or reduce 
the area showing ischemic changes. Despite species differences, not all. 
hearts within one species behaved the same: One pig heart behavedas ` 
a dog heart, one dog heart as a pig heart. 


In studies designed to test interventions to reduce infarct size, the con-, 
cept of an “area of risk” or “zone of jeopardized myocardium" playsa . 
key role, because it is the tissue from this site that might be salvaged. - 
In some studies,! the area at risk was defined as all the tissue belonging 

to the vascular bed of the occluded artery. However, one might also de- 
fine the area at risk as that part of the heart belonging to the vascular .. 
bed of the compromised artery in which blood flow still occurs by way . 
of collateral circulation. This definition assumes that, with maintained . 
occlusion, the myocardium receiving no flow at all has a 100 percentrisk _ 
of dying and that only tissue perfused through collateral channels has _ 
a chance of being salvaged. It is conceivable that under favorable con- . 
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spending o coronary Rus or 

ntle: 1 the position of the electro- 
ic * border zone was determined by simulta- 
ording of 60 epicardial or intramural direct 
xtracellular electrograms. By changing the 
‘pressure to the rest of the heart during an 
n, and thus changing eventual collateral flow 
area at risk, we attempted to shift the position of 
the electrical border zone, that is, to increase or decrease 
|... the area from which potentials showing ischemic al- 
< 'terations were recorded. 


Methods 


(0s Experimental preparation: Pigs weighing about 20 kg and 
_ dogs weighing 20 to 30 kg were anesthetized with an intrave- 
nous injection of sodium pentobarbital (20 mg/kg body 
weight). The thorax was opened by a mid sternal incision. The 
uperior vena cava was cannulated and, after administration 
«of 1 ml of heparin, blood was collected. Simultaneously, 1 liter 
of modified Tyrode solution containing dextran was infused 
through a superficial femoral vein. After collection of 1,750 
. ml of blood-Tyrode mixture, which was used to perfuse the 
...' isolated hearts, the heart was rapidly removed and fixed to the 
perfusion apparatus where it was perfused according to the 
Pun Langendorff technique. Details of the perfusion system and 
|... the perfusion fluid are given elsewhere.* The heart was paced 
| «from the right atrium at rates just above the sinus rate. Basic 
(v cycle lengths were kept constant throughout the experiment; 
in different experiments, cycle lengths varied from 370 to 450 
` ` ms. In two experiments thermistor probes were inserted into 
- the myocardium. Myocardial temperature of perfused tissue 
‘remained constant at 37? C (40.5°). When an area was made 
-> ischemic, temperature decreased by 2.5° C within 7 minutes 
= and remained constant thereafter. 
^». Coronary occlusion and electrocardiographic map- 
‘ping: The bifurcation of the left coronary artery was carefully 
. prepared free so that either the left anterior descending or left 
circumflex branch could be occluded at its origin by placing 
^. nita4 mm wide clamp. In an initial occlusion of 1 minute, 
d the visible border between cyanotic and normal myocardium 
-< was located, and a multiple electrode was positioned so as to 
have electrode terminals on both sides of the border. The 
^ multiple electrode and the computerized recording system 
have been described in detail? In principle, each electrode was 
a cotton or silk wick soaked in isotonic saline solution, and 
simultaneous recordings were made from 60 terminals. Uni- 
polar direct current extracellular electrograms were recorded, 
the reference electrode being a wick attached to the aortic root. 
Electrodes were used in different arrangements. Epicardial 
lectrodes covered a rectangular area, 44 by 16 mm, in which 
‘terminals were regularly spaced at 4 mm intervals. In several 
experiments, in addition to epicardial recordings, intramural 
direct current recordings were made using intramural wick 
lectrodes® that were inserted in parallel rows at distances or 
o 5mm. At each site, recordings were obtained from the 
dium and from intramural sites 4 and 5 mm below the 
al surface. The recordings were used to construct 
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of beats propag d fro atrium. 


„maps of the activation sequence of the area covered — 
iso potential maps during the ME 





line of 0 mV. The P of this line some 
determined by interpolation. For example, whe 
tials at sites A and B, 4 mm apart, were —3 and 
spectively, the border was considered to be b el 
1 mm from B. When, in a subsequent recording, the poter 
at A and B were 0 and +4 mV, the border was consi 
have moved toward A over a distance of 3 mm. It is possi 
that a shift of 1 or 2 mm would not be detected, but the re 
lution power of our technique was considered to be 3 mm (t 
is, smaller than the interelectrode distance of 4 mm). Becat: 
the multiple electrode covered only part of the area involv 
and because the position of the border relative to the electrod 
surface was not the same in the different. experiments 
quantitative estimation of the surface area over which a borde 
shift occurred was not possible. To provide a semiguantitati 
estimate of the distances over which a shift could occur, 
determined in each experiment the maximal distance 0 
which the 0 potential line moved. FIG 
In each experiment, we performed four oécliisidni; eae 
of 15 minutes’ duration: first an occlusion of the left anteri 
descending branch, then of the left circumflex branch, the 
a second occlusion of the anterior descending branch and, f 
nally; a second circumflex occlusion. The occlusions wel 
separated by a reperfusion period of at least 15 minute 
during which electrical signals quickly (within 1 or 2 minutes) 
returned to control values. Two levels of perfusion pressure 
were used during the occlusion: (1) a high level of 80 cm Hof 
resulting in a coronary flow of 150 to 200 ml/min, and (2) alo 
level of 20 to 30 cm H50, which resulted in a coronary flo 
through the nonoccluded coronary tree of 20 to 30 ml/mi 
The sequence during the first occlusion of the left anteri 
descending artery and left circumflex branch was: 0 to 
minutes of high pressure followed by 5 to 10 minutes of. lo 
pressure, then by 10 to 15 minutes of high pressure. In ti 
second occlusion of each artery, the sequence was 0 to 
minutes of high pressure followed by 10 to 15 minutes of lo 
pressure. In the reperfusion period, a high level of perfus 
pressure was always maintained. Recordings were mad 
before each occlusion, and at 5, 10 and 15 minutes during 
occlusion. Zero potential levels during the T-Q segmen 
determined in the first control recording (made just be 
first occlusion). Potential levels during the T-Q seg 
direct current electrograms recorded during: occlus 
measured with regard to these 0 levels. | 
Myocardial biopsy: Although previous “studi 
shown a good correlation between the electropt 
border zone and the “metabolic” border zone, in se 
periments we obtained transmural biopsy specim 
recording sites during the last occlusion. A modifie 
drill was used, and oe ined samplen, with a dia 



































































































In this. Way, à i comparison betwee 
metabolic i the dist GE id made: I 
hatt 












low pressure 


: : 5 min. E AD-occl. 


¢opsy samples was at best 4 mm obviously limited the accu- 
‘acy of determining the location of the metabolic border, and 
mall shifts of a few mm would not be detected by our 
nethod. —— 

_ To confirm the presence or absence of collateral anasto- 

noses between left anterior descending and left circumflex 

Gnches, in some experiments we filled the coronary arterial 
ystem with barium sulfate-gelatin, as described by Schaper.? 

jubsequently, the heart was cleared by the Spalteholz 

aethod? and photographs were made of the area from which 

ecordings were obtained. 

_ Experimental procedures: A total of 16 experiments were 

arried out in eight pig hearts and eight dog hearts. The fol- 

owing experimental procedures were performed: ( 1) epicar- 

jal recordings at 60 sites (six pig hearts, six dog hearts), in- 

ramural recordings at 60 sites (two pig hearts, two dog 

earts), transmural biopses at recording sites (two pig hearts, 

r dog hearts), filling of coronary arteries with barium sul- 

gelatin (three pig hearts, three dog hearts). 













Results 


tial maps during the T-Q segment: The 
/siologic border zone was defined as the area 
T-Q segment potential of extracellular elec- 
recorded during beats normally propagated 
rium became negative. In isopotential maps 
-Q segment, the 0 potential line indicated 
of the electrophysiologic border. 
ws isopotential maps of the epicardial area of 
m which 60 direct current extracellular elec- 
ineously recorded. On the left, two maps 
eart are seen, 10 minutes after occlusion 
lescending branch at a high perfusion 
minutes of occlusion when the perfusion 
ed for 5 minutes. In both instances, 

















10 min LAD-occl. high pressure 


Q £448412 


15 min. LAD occl. 





. (left) (see Fig. 6 and 7). Isopotential 
maps are shown from the T-Q- 





| adog heart (right) and of apigheart — 


segment of beats propagated from, 
. the atrium at various times during 


descending (LAD) coronary artery. 


occlusion (occl.) of the left anterior ^. 


of the electrophysiologic border; ^ 
this border remains constantin the 
pig heart when the perfusion pres- 


dS 


low pressure 


value, but it is shifted in the dog 
heart. 


of the left anterior descending branch resulted in a consider- 
able shift of the border zone, and also increased the positive 


sure is changed from a high to a low - 





T-Q potential levels cn the nonischemic side of the border. . B $ 
Activation maps during high and low perfusion pres- 
sures: In Figure 2 the activation patterns of both heartsare ^. 


shown during perfusion at high and low pressures, respec- . 


tively. For time 0, an arbitrary point in the T-Q segment was 
taken. Isochronal lines were drawn a: 10 ms intervals. Areas 
of conduction block are shaded. In the pig heart, the pattern 
of activation is hardly changed by the change in perfusion 
pressure, but in the dog heart the pattern is profoundly al- 
tered: Conduction within the ischemic zone is delayed, a large 
part has become inexcitable, and the direction of the wave 


fronts has changed when perfusion pressure was lowered after ` WE 


10 minutes of occlusion. 


Figure 3 shows the results of another experiment inadog. 


heart. When perfusion pressure was high, a small degree of 


T-Q segment depression is seen in the complexes recorded - 


from terminals 1, 2, 3, 10, 11, 19, 20, 21, 22 and 23. The border — de 
lies between terminals 3 and 4, 11 and 12 and 23 and 24. When, 


after 10 minutes, perfusion pressure was lowered and re- 


cordings were made 5 minutes later, the border lay between | . 


terminals 4 and 5, 16 and 17 and 25 and 26. Furthermore,there .. S 





were remarkable changes in the complexes recorded from the Tg 
ischemic area. Many complexes became monophasic, indi- 


cating local inexcitability; in contrast, during perfusion at high 


pressure, all signals showed a fast and large intrinsic deflec- 
tion, indicating that large amplitude transmem brane action 


potentials were present despite a slight reduction of resting — l l i 
membrane potential, as evident from the T-Q segment de- 







pression. Thus in these dog hearts, a change in perfusion. 
















duction block.) Note that 
ing of the perfusion pressure 
loes not influence the activation 
rn in the pig heart, whereas it 
a great effect in the dog 


itramural electrodes cannot be inserted at sites where 

nary vessels are present, the pattern of the electrode sites 

t strictly regular, as indicated on the right side, where also 

the position of the electrophysiologic border at both high and 
perfusion pressure is depicted. Direct current electrograms 

are shown that were recorded from electrodes A, B, C and D. 
At C and D, all signals shows T-Q depression, indicating a 
partially depolarized resting membrane potential. At the low 
rfusion pressure (upper part) most of the complexes re- 
corded at C and D are monophasic, indicating local inexcita- 
bility. Only the epicardial complex at site D shows a small 
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10’ LAD.ocet | 
high pressure A 


DOG HEART 


IGURE 3. Selected direct current 
lectrograms (electrode terminals 1 to 
} to 18 and 19 to 27) from three 
ows in the rectangular area recorded 
Jog heart at a high perfusion 

pper panel) anda low per- » 

essure (lower panel). Hori- — 15’ LAD occ! | 


S indicate direct current po- ^ low pressure 19- 


| .115 min LAD- occi. low pressure 


intrinsic deflection, reflecting the presence of lov 
transmembrane action potentials. When pe! 
is increased, intrinsic deflections are now also s 
recordings at C and D, indicating a slight improvem 
electrical activity. "Fu 
Intramyocardial recordings and biopsies: Figu 
shows results in another pig heart, where intramural recor 
ings were made in addition to epicardial recordings. Thi 
rows of electrodes were inserted (seven electrodes in the uppe 
and lower rows, and six in the middle row). After the le 
cumflex branch had been occluded for 10 minutes at a 


! t : 
border high border low 
pressure pressure 
















perfusion pressure, transmural biopsy specimens were taken 
from sites A through F, and then perfusion pressure was in- 
ereased and the occlusion maintained for another 5 minutes, 
when another set of biopsy specimens was taken from sites (3 
through N. In the upper panel, T-Q segment maps are shown 
for the epicardial area and the intramural segments 4 and 8 
mm below the epicardial surface. The thick solid line shows 
the position of the electrophysiologic border zone, which did 
not change its position when perfusion pressure changed. In 
the lower panels, tissue levels of lactate and creatine phos- 
phate at the recording sites are shown. In both instances, the 
position of the electrophysiologic border zone coincided, 
within the limits of the technique, with the “metabolic” bor- 
der, defined as those biopsy specimens in which tissue levels 
3f both substances had intermediate values between those 
obtained from central ischemic myocardium (E and F, and L, 
M and N) and normal myocardium (A, B and C, and G, H and 















| four dog hearts and two pig hearts, two rows of biopsy 
were taken from recording sites at different times, 
ibolic border was determined 12 times. In six in- 
ositions of the electrophysiologic and metabolic 

dentical. In five cases the electrical activity at 
abolic border was considered normal, in one instance 
mic. The discrepancy between the positions of the 
siologic and metabolic borders was never larger 





-* 


I vessels: Figure 6 shows a pig heart in which the 
did not change its position, and in which the 
; were filled with barium sulfate-gelatin after 
ollateral connections between branches 
descending and left circumflex arteries 
e four pins mark the corners of the epi- 
rure 7 shows a dog heart viewed from the 
ecording area is marked by white dotted 
ls between the circumflex and left an- 
ches can clearly be seen, as they could 

he coronary arteries were - 
pig hearts in which the — 
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FIGURE 4. At sites A, B, C and D, epicardial (epi) and. 
intramural direct current electrograms were recorded 
at 4 mm and 8 mm depths from a pig heart during © 
occlusion of the left circumflex (CF) branch. A change .- 
in perfusion pressure from a low (upper panels) t 
high (lower panel) value is without effect onthepo- 
sition of the electrophysiologic border (A and B), and — ' 
also hardly influences the configuration of complexes 
recorded from ischemic myocardium (C and D). 





Summary of findings in all 16 hearts (Table Dio 
The maximal distances over which a shift in electro- _ 
physiologic border was observed are expressed in mil 
limeters. Two criteria were used: (1) the position of the E 
zone where T-Q segment potentials changed from pos- 
itive to negative values, and (2) the area where the 
configuration of extracellular complexes recorded from 
ischemic tissue changed when perfusion pressure was 
altered. When both criteria are taken into consideration, 
and when occlusions of both the left anterior descending. 
and left circumflex branches are taken into account,a ^. 
distinct shift in the border zone occurred in only one of 
the eight pig hearts. In contrast, noshiftatalloccurred — 
in only one of the eight dog hearts. In the dog hearts, the. 
distances over which the border zone could be shifted s - 
varied considerably. In one heart (Dog 6), no ischemic __ 
changes were seen in the 60 extracellular recordings 
during occlusion of either the left anterior descending 
or left circumflex branch, even at low pressure. Only _ 
when the right coronary artery was occluded did oc- 
clusion of the left anterior descending or left circumflex 
branch produce ischemic alterations. In this heart, we 
found collateral connections between the right coronary 
artery and branches of the left coronary artery. | 

Figure 8 shows in a schematic way the position ofthe. 
electrophysiologic border zone during occlusion of the 
left anterior descending and left circumflex branches 
In six pig hearts and one dog heart, the border had the 
same position when, at equal perfusion pressures, either 
the left anterior descending or the left circumflex artery 
was occluded. In seven dog hearts and two pig hearts, 
the two borders were separated by an area in which . 
normal extracellular electrograms were recorded during — 
occlusion of both arteries. In the only dog heart in which — 

s seen when perfusion pressure 































































hess a ese shift inii . geor 
fig e iH of the extracellular tror 








1S hat in seven of f eight dog hearts, a changé 
n pressure resulted i in a shift of the pon 










FI the T-Q segment mould B hanc teor )08; 
dn Buhischieiuic tissue are determined by values. A diffusion of extracellul: “pol 
| ischemic toward nonischemic sites coul lead t 
in the position of the electrical border zo: 
normal cells would be partially depolarized. - 
Our results in pig hearts show that if such : as 
curs, it would not be detected with our technique, w 
allows a resolution of 3 to 4 mm. Asi in other} 1 

























border, determined with extracellular posce T 
cording, and the metabolic border, determined fr m 
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low pressure high pressure 

4 FIGURE 5. isopotential maps of epicardial (epi) and intramural planes 
Of 4 mm and 8 mm depths of a pig heart during occlusion of the left 
> circumflex (CF) artery. After 10 minutes of occlusion at a low perfusion 

pressure (left upper panel), tissue biopsy specimens were taken from 
sites A through F, and tissue content of lactate and creatine phosphate 
(CP) is shown in the lower left panel. Then person pressure was in- 





















and biopsy samples taken from sites G through N ilocated more 
the | base of the left ventricle) ( (right p panel). Note the good cor- 






border (intermediate. values for oP end lactate). 
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Apical v view of a dog heart in which the coronary arteries 
injected with barium sultate. The dotted line marks the position: 
: sree ‘electrode. Note the collateral channels between 


i sue evels of metabolites in transmural biopsy spec- 
ens. The most obvious explanation for our findings 
be that, because of the existence of collateral 
tions between the left anterior descending and 
ircumflex | branches in the dog heart,” part of the tissue 
slonging to the occluded vessel is perfused by the other 
el y. When the perfusion pressure of the coronary 
es is drastically reduced, as it was in our experi- 
nts the tissue normally supplied by the nonoccluded 
ssel would still receive enough flow to maintain nor- 
€ lec on ena and a normal metabolism, but 


















3 e) l 0 (3) 





1 

2 0 (0) 0 (0) 

3 0 (3) 0 (0) 

4 O (0) 0 (0) 

5 3 (3) 0 (0) 

6 0 (0) 0 (0) 

7 0 (0) 0 (0)f. 

8 8 (8) 8 (8) 
Dog Hearis 

1 4 (4) 4 (4) 

2 12 (24) 0 (8) 

3 0 (10) 3 (3) 

4 0 (8) 0 (4 

5 11110 3 (20) 

6 744 (>44) 244 (>44) 

7 2 (4) 4 (4) 

8 0 (0) 0 (0) 


* For every experiment the maximal distance over which the zero 
mV isopotential line shifted was measured. The numbers in parentheses 
indicate the maximal distance over which extracellular complexes 
changed their configurations. ? Central ischemic complexes 
change. 

LAD and LCx = left anterior descending and left circumflex coronary 
arteries, respectively; Occl = occlusion. 


no attempt was made to prevent the temperature re- 
duction of 2 to 3? C that occurred in the ischemic 
myocardium. Yet, because the same procedure was used 
in hearts of two different species, in which a conspicuous 
difference is the abundance versus the scarcity of epi- 
cardial collateral vessels, we believe this study to be 
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6 pig hearts 
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FIGURE 8. Schematic representation of the position of the desto 

physiologic border during left anterior descending (LAD) and circumflex 
(CIRC) arterial occlusion: ona ) This Dd either had the t same position LU 
pul both occlusie 















emic “border zone.’ 






stages of myocardial infarction. In their recent 
llent review, Hearse and Yellon!® showed that much 
ontroversy is more apparent than real and partly 
by misinterpretation of experimental findings. 
dies using different techniques apparently 
e concept that a lateral border zone exists, 
ig the central core of ischemic or infarcted 
, in which the cells are injured to a lesser degree 
ar hose i in the center. Zones of intermediate PO0;,!9 
. of moderate morphologic changes,!" of intermediate 
ratios of various ions!? and of moderately reduced blood 
flow? have been found and interpreted as evidence for 
-the existence of a border zone. However, as Hearse and 
< Yellon point out, the limitations of the experimental 
techniques must be taken into account. First, the width 
- ofthe border zone in which transitions in flow, metab- 
olism or electrophysiologic variables are detected de- 
sends on the resolving power of the technique, such as 
listances between biopsy samples at recording sites. In 
many studies, the size of the biopsy samples in which 
-< local blood flow was determined with microsphere 
- techniques, or in which biochemical determinations 
were made to characterize the metabolic state of the 
Pe tissue, was very large. Secondly, when a biopsy specimen 
. is homogenized and analyzed for activity of radioactive 
-microspheres or for tissue content of high energy 
phosphates or lactate, intermediate values between 
: those of normal and central ischemic tissue can be ex- 
^plained in two ways. Either a homogeneous population 
- of cells is present, which have an intermediate degree 
- of injury, or a mixed population of normal and ischemic 
cells exist, in which the ischemic cells could be as se- 
-verely damaged as those in the center of the ischemic 
zone. In those studies in which the resolution of the 
- experimental techniques was such that differences could 
- be detected over very small distances (a few mm or less), 
-- the results support the latter concept and point to the 
- existence of a sharp interface of 0.1 mm or less, that 
"courses in an irregular fashion through a zone of 6 to 8 
< mm width, forming penisulas of ischemic tissue sur- 
- rounded by normal cells.6.15.20-23 
An important point to consider when comparing 
v: different studies is the time factor. 'Thus, Marcus et 
< 81,74 using microspheres to determine local flow and 
making three dimensional reconstructions of small areas 
. atthe lateral border of an ischemic area in dog hearts, 
- concluded that after 5 minutes of occlusion, no “buffer 
- gone” existed of moderately ischemic tissue surrounding 
e central, severely ischemic zone. Factor et a1.25?26 
ound in the 24 hour infarct in dogs that the lateral 
der consisted of a complex interdigitation of pen- 
ilas of normal and necrotic cells and that a very 


























































in regard to ihe. n oversy concerning g the 0l 
There are conflicting. 


dede gis cati myocardial ischemia and the 


w zone of at most 30 to 50 um of seemingly viable 

it m n existed beyond the infarct border. Hirzel. _ 
i ot detect alateral border ofin- 

nage 2: “hours: after coronary d i 







hours had elap heed. "a : 
Hearse and ellen 15 make ethe m po 
between jeopardized and. condemn 
ardized tissue, cell injury is reversibl 
is not very severe. The cells receiv a 
than optimal and several functions c; 
particular contractility, but possibly 
generate normal action potentials), bu itf 
for the cells to remain viable for a lon 
demned tissue, the cells are also reversibly in 
flow is greatly reduced and cell death in. inevitable un 
less reperfusion occurs very rapidly (within approxi 
mately 30 minutes). Border zone tissue is defined as 
spatially identifiable zone of reversibly injured tissue 
in which the cells are jeopardized. Such a zone could be 
localized both “laterally” and “subepicardially.” In th 
studies of Reimer et al.,?? a wave front of cell death wa 
found to move progressively from endocardium to epi 
cardium over a 6 hour period of ischemia. Subepicardial 
flow was less reduced than flow in the subendocardium. 
but was still so severely reduced that the subepicardium, 
in the terms of Hearse and Yellon,!5 should be consid- 
ered condemned rather than jeopardized. = 
The aspect of reversibility has not been considered 
in the great majority of studies concerning the border 
zone. Recently, the concept of a “threshold flow” below. 
which cells cannot survive was introduced, and esti- 
mated to be between 30 and 40 percent of control flow _ 
in adjacent normally perfused tissue.?? It is conceivable 
that, apart from a threshold flow that determines 
whether or not cells will become necrotic, several other 
threshold flows exist concerning different functions. For 
example, electrical activity might continue to exist at 
a certain level of flow reduction, when contractik 
function has already ceased. us 
Hearse and Yellon!? concluded that, in the animal: 
models thus far used, a well defined spatial border zone 
of jeopardized tissue does not exist and that the tran- 
sition from normal to ischemic tissue occurs over 
distance of less than 2 mm, possibly within the dimen 
sions of one cell. However, they also stated that. 
sharp interfaces may change their position with tin 
Several studies!°93! have shown that the size of; i 
eventual infarct was smaller than the vascular bed o 
occluded coronary artery. Geary et al.??. recently 3 
onstrated that in dogs the epicardial area of. S- 
vation after 2 minutes of occlusion correlated ve 
with the size of the epicardial perfusion bed of th 
cluded artery, as it did in pigs and baboons. Aft 
minutes of occlusion, the area of S- T elevation } m 




























































culation can increase with time.?9- 5 Eu " 
Clinical oe ies i € adds is support 
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animals were killed at time periods of up to 6 weeks. True aneury: 
developed as early as 2 weeks and only in rats with a transmural infarc 
The percent of rats that manifested “aneurysmal shape changes" (defined 
as a protrusion of the full thickness of the left ventricular wall) increa: 
from day 1 to day 5, but did not change significantly thereafter. The e ; 
did not progress significantly up to day 42. Accordingly, i in the rak í on: 
aneurysmal shape alterations are due not to late dilation of scar tiss 

but rather to “expansion” of freshly necrotic myocardium within the fir 
5 days of infarction. Thus, early changes in shape appear to determin 
late aneurysm formation. | 


Morphologically, aneurysm of the heart is defined as a convex protrusion 
of the full thickness of left ventricular wall, composed of mature sc. 
that develops in as many as 20 percent of hearts after transmural 
farction.? Clinically, left ventricular aneurysm is usually not recognized 
until months to years after transmural myocardial infarction, com 
to attention because of its associated arrhythmic, hemodynamic. 
embolic complications. Despite its prevalence and attendant com 
cations, the mechanism of aneurysm formation is unknown. £ Some 
vestigators? have suggested that an aneurysm forms late after my 
infarction as a result of stretching of scar. An alternative hy 
that acutely infarcted myocardium thins and dilates early, for I 
topographic substrate for an aneurysm on which scar is laid dos 
Noninvasive techniques for visualization of the left vent 
the acute phase of myocardial infarction have allowed reco 
early infarct expansion*—the regional thinning and dilation 
early after transmural infarction?9— but it is not known wheth 
change in shape is the precursor of an aneurysm. To i invest. iga 
mechanism of aneurysm formation, we used a rat model in: 
coronary arterial ligation is known to produce a large transm 
cardial infarct. We examined the prevalence and the exte 
rysmal dilation over time and correlated these data th. 
vere ment of scar formation. 



































































in 51030m minutes s after coronary Heaton: 
_ Postmortem preparation: The rats were maintained on 
ndard rat chow and killed at 1, 3, 5, 7, 14, 21 or 42 days. 
ey were killed after intraperitoneal heparinization, by 
nesthesia with methohexital and excision and submersion 
f the beating heart in cold 30 mM postassium chloride to 
chieve diastolic arrest. Failure to arrest the heart in a specific 
'hase of the cardiac cycle results in uncontrolled changes in 
he ratio of wall thickness to cavity size. 
- To preserve topographic relations after fixation, a warm 
iquid gel solution (containing gelatin powder, ethylene glycol 
nd octanol) was injected into the left and right ventricles 
ough the atrioventricular (A-V) valves after removal of the 
iria. The heart was then immersed in a cold solution of 20 
iercent. formalin to solidify the zel rapidly and was fixed in 
0 percent formalin for at least 24 hours. The fixed heart was 
liced transversely with a surgical straightedge blade, parallel 
0 the A-V groove, in 2 mm sections from apex to base and 
repared. for histology using wax embedding; hematoxylin- 
osin and Verhoff van Gieson stains were made of all sec- 
ions. 
 Infarct data analysis: All hist tologic slides were reviewed 
he transmural extent of necrosis, polymorphonuclear 
esponse, resorption of dead myocardial cells, presence of 
j ation and scar tissue, and endocardial fibroelastosis and 
| ombus formation. Infarct size was assessed as follows. The 
, ections were projected on a sheet of paper at X10 
-and infarcted and noninfarcted areas were 
eas of the traced left ventricular images were 
ith planimetry using a digitizing computer 
lett-Packard Model 9810A calculator with a 
9864A digitizer). The mass of infarcted and nonin- 
myocardium was obtained by multiplying cross-sec- 











































Thirty-one hual rats Ge C were used to establish. : 
norms of left ventricular mass corrected for body weight at 1, 
2, 3 and 6 weeks after coronary ligation. This method has been 
used previously for clder infarcts.? 

Hearts were examined for gross morphologic changes and 
histologic changes separately by two independent observers. 
Interobserver agreement was good; in no instance was a heart 
judged to have an aneurysm by one observer and not by the. 


other. Hearts that met the gross morphologic criteria foran-. ^ 


eurysm (that is, convex protrusion of full thickness of left 


ventricular wall) were judged as having “aneurysmal shape - E 


changes" even if the histologic study did not show a mature 
scar. Hearts that showed such changes and histologically had 
a healed infarct were judged as having a true aneurysm. The 
prevalence of aneurysmal shape changes was measured at days 
1, 8, 5, 7, 14, 21 and 42 after ligation. 

Left ventricular diameter measurements were made at the 
point of maximal dilation in each slice perpendicular to the- 
septum (Fig. 1). The percent change from control left ven- 
tricular diameter was calculated for each section in all ex- 
perimental animals, and the slice with the largest percent 
increase was used for each animal in the analysis. The final.- 
apical slice was excluded, because the control left ventricular 
diameter was so small and variable that percent changes were 
markedly exaggerated. 

Statistical analysis: Variations in infarct size and left 
ventricular diameter at different times after infarction were 
analyzed by linear regression. The degree of left ventricular 
dilation in the groups with and without aneurysmal dilation 


was compared using an unpaired Student's t test. The prev- |. A, 
alence of aneurysmal shape changes over time was analyzed — 
by chi-square analysis comparing: (1) days1and3todays5 . 


to 42, and (2) days 5 to 14 to days 21 to 42. Statistical signifi- 


cance was accepted at the probability (p) level of less than. * 
0.05. All data in the text are presented as mean + standard. AES 


error of the mean. 
Results 


Features of myocardial infarcts: Two hundred P 
nine rats underwent attempted coronary ligation. The . _ 
operative mortality rate was 7 percent. The 24 hour — 





FIGURE 1. A, tracing of a section froma heart with a 5 à : 
day old infarct and aneurysmal dilation. A line is drawn 


at the point of r 


/ | surface of the left ventricular wall (arrows) is the left — 
/ ventricular. diameter. The dotted line represents. an ap- EN 














through. the Septum and another line perpendicular to it * us E 
maximal cavity dilation. The distance from .' 
the endocardial Surface of the septum to the endocardial. — . 





“rate was 7 percent, and one third of the deaths 

ts) occurred in those with an infarct. The later 

an 24 hour mortality rate was 4 percent, and one half 
of these deaths (four rats) occurred in those with an in- 
farct. Thirty-one rats did not have an infarct and served 
as. controls. Of the remaining 141 rats with an infarct, 
were killed 1 to 7 days after infarction, 18 on day 14, 
6 on day 21 and 30 on day 42. One hundred thirty- 
n infarcts (97 percent) were transmural, defined as 
ose that had any area extending through the full 
hickness of the left ventricular wall as assessed histo- 
logically. The location of the infarcted myocardium 
-always involved a portion of the left ventricular free 
- wall, and only occasionally involved the septum in the 


"apical slice. Although mean infarct size was similar at 
-. each time point (Table I), there was a significant trend 


c (correlation coefficient [r] = —0.187, p <0.03) toward 
-~ smaller infarcts at later time points, which may be due 
_. to the late development of compensatory myocardial 


2 hypertrophy. Because only four rats died after 24 hours 


. (one at 5 days, two at 2 weeks and one at 6 weeks), and! 
<- only thé rat dying at 5 days had a large infarct (58 per- 
~ cent of the left ventricle) with the others having an in- 
.. farct involving 19, 22 and 37 percent, respectively, of the 

. left ventricle, the trend toward smaller infarcts at later 
time points is not to be explained by a higher early 
mortality rate in rats with a larger infarct. 
| istology: Twenty-four hours after ligation of the 

oronary artery, infarcted myocardium was hy- 
sinophilic; by 48 hours a polymorphonuclear re- 
onse was present at the margins of the infarct. By 5 
ys granulation tissue was present surrounding a 
itral sequestrum of necrotic cells, and by 7 days there 
as early scar formation with decreased cellularity and 
large residual sequestrum. At 14 days, most infarcts 
were healed, with the remaining hearts having small 
reas of residual necrotic cells. By 3 weeks all infarcts 
ad mature scar. Thrombus was seen in 4 percent (2 of 
0) of the aneurysms. Some endocardial fibroelastosis 
s present at 6 weeks in 57 percent (17 of 30) of the rats 

, in a few rats, as early as 3 weeks after infarction. 
Prevalence of aneurysm: Aneurysm developed in 
ercent (50 of 141) of the rats with infarction and 

n hearts with transmural myocardial infarction. 


alence of aneurysmal shape changes v was as-. 


formation, and a heart with a true aneurysm a0 
after infarction. | 

Extent of aneurysmal dilation: The degree of 
eurysmal dilation varied, showing that both small an: 
large aneurysms formed. Rats that had aheurysm 
shape changes had an average increase of 54 + 3.8 p 
cent in left ventricular diameter over control left ve 
tricular cavity size as compared with a 20 + 2.7 per: 
increase in diameter in rats with infarction witho 
aneurysmal shape changes (t = 7.5, p «0.001) (Table 1 
The increase in left ventricular diameter in rats wit. 
aneurysmal shape changes occurred early after infar 
tion but did not progress significantly thereafter To 
IID. 


Discussion 


Left ventricular aneurysm has long been recognize: 
as a significant late complication of myocardial infai 


Percent of Animals with Aneurysmal Shape Changes 


I 7 uu 21 42 buco 
Dos Post. poma infarctio 











erial embok, in 4 tò 35 eccal 2,10 Factors ur 
posing : to aneurysm formation that have been recog- 
nized in both clinical and pathologic studies include 
systemic hypertension, large transmural myocardial 
infarction and first myocardial infarction.!? Despite the 
clinical importance of left ventricular aneurysm, its 
pathogenesis | has not been extensively studied in human 
beings, in part because of methodologic limitations. 
Some investigators? have maintained that aneurysm 
formation results from the stretching of scar tissue late 
after myocardial infarction; others!?^!* have suggested 
that the major shape changes may occur early after in- 
farction. Neither theory has been confirmed patholog- 
ically. 











prece iying down : 
rysms do. not « occur in rais until 2 weeks, when scar is 





formed, aneurysmal shape changes occur early, within .: 


the first 5 days of coronary ligation. Neither the prev- _ 
alence of aneurysmal shape alterations, nor the extent 


of aneurysmal dilation changed after 5 days, suggesting 
that progressive stretching of scar does not occur. There 
was a small, statistically insignificant decrease in the 
prevalence of aneurysms at 3 and 6 weeks (Fig. 2), 
suggesting that, if anything, a contraction and not ex- 
pansion of the infarcted wall occurred in a small number 
of animals as scar was formed. Although by our methods 
no single animal was assessed sequentially, this popu- 
lation study involving a large number of animals pro- 
vides evidence that early shape changes are the pre- - 


FIGURE 3. A, long axis, coronal section of a rat heart 
with a 7 day infarct and aneurysmal dilation (arrows) 
before scar has formed. B, rat heart with a 4 week old 
__ infarct that has formed a true aneurysm (arrows). It 
-- has been sectioned in a similar plane to the heart in 
panel A. These two hearts were sectioned in this 
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TABLE Il 


| Effect of Aneurysmal Dilation on Left Ventricular (LV) 
Cay Size 








91 Hearts With Infarct, 50 Hearts With 
No Aneurysmal Aneurysmal 
Dilation Dilation 
96 Increase of LV 
diameter over 
control 
Mean 20 54 
+ SEM 2.7 3.8 


t = 7.5, p «0.001 


cursor of aneurysm formation. This experimental study 
also confirms previous clinical findings that transmu- 
rality is necessary for aneurysm formation.? 

We have previously shown that the rat is a useful 
model for studying early infarct expansion.? Infarct 
expansion, defined as regional infarct thinning and di- 
lation, occurs within 24 hours after infarction and in- 

— creases in extent and prevalence as infarcted tissue is 
resorbed over the 1st week. When the expanded infarct 
. forms a discrete bulge deforming the external as well as 
the internal left ventricular contour, a shape alteration 
occurs that, if permanent, would be an aneurysm. Thus, 
early infarct expansion, when marked, would form the 
topographic substrate for aneurysm formation, the 
latter only becoming a fixed morphologic entity after 
mature scar was formed. The findings also show that 
hearts that do not show expansion early do not later 
develop an aneurysm. 

Pathophysiology of aneurysm formation in 
human myocardial infarction: There is suggestive 
evidence that the pathophysiology of aneurysm for- 
mation in human beings follows the same sequence of 
events that we have demonstrated in the rat model. A 
,Ielation between early infarct expansion and aneurysm 
"formation was hypothesized on theoretic grounds alone 
as early as 1948 by Lowe and Love,!? who suggested that 
"the deformity of the wall following infarction will be 
at its maximum during the liquid phase of the infarction 
and will not increase externally beyond that point." In 
pathologic series? aneurysm formation has been noted 
by 2 weeks, although these are not true aneurysms by 
our morphologic definition because the walls are still 
composed of necrotic myocardium. These studies nev- 
ertheless show that aneurysmal shape changes may be 
seen as early as a few weeks after infarction in human 
beings. 
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LEFT VENTRICULAR ANEURYSMS—HOCHMAN AND mí 
! d 
Clinical studies judging the time course of formation n 
of large aneurysms are few, but one study has suggested 
that up to 50 percent are suspected by clinical exami- 
nation by 1 week after infarction, with the remainder 
detected by angiography at a mean of 24 months. 12 Left 
ventriculography performed as early as 3 days after 
infarction has shown dyskinetic wall motion with dia- - 
stolic aneurysmal bulging, but the relation of this e 
motion abnormality to the formation of a late aneurysm . 
is not clear.'© With the advent of noninvasive techniques | 
for visualizing changes in left ventricular shape after | 
acute myocardial infarction,*!? infarct expansion has 
been recognized as early as 3 days after infarction,! but | 
again its relation to late aneurysm is not established. In 
view of both pathologic and clinical evidence that an- 
eurysmal shape changes occur early after infarction and 4 
may persist, it is noteworthy that the electrocardio- - 
graphic marker of ventricular aneurysm, S-T elevation: 
late after infarction,!? also occurs early and persists. - 
Clinical definition of ventricular aneurysm: id 
asessing the human studies designed to evaluate the — 
time course of aneurysm formation, it is important to 
note the marked variability in the definition of left 
ventricular aneurysm. Some studies include hearts with | 
acutely infarcted myocardium that have shown aneu- 
rysmal bulging,'® and some even include hearts with — 
paradoxical wall motion in which there is no diastolic — à 
abnormality of shape.!? We believe that the morpho- - 
logic definition of left ventricular aneurysm as a discrete - 
bulge comprising transmural mature scar! is most ap- 
propriate, because it is one that is applicable not only - 
to morphologic studies but also to noninvasive and in- 
vasive studies that provide both functional and ana- 
tomic data. For example, all acute infarcts with dyski- 
netic wall motion will not necessarily evolve to aneu- 
rysms; ischemia with or without infarction may produce — 
transient dyskinesia.???! The factors that lead to an- 
eurysm formation are complex. Preserved but ischemic — 
myocardial cells in the infarct zone may allow para- - 
doxical motion, but when ischemia is relieved, some wall — 
motion may be restored. Paradoxical bulging may be . 
seen in hearts that at autopsy or surgery have grossly j 
and histologically normal myocardium.???? In addition, - 
there is evidence of sequential changes in left ventricular 4 
compliance after infarction, with a decrease in compli- i 
ance at 3 to 5 days that may allow the ventricle to resist — 
systolic expansion.?^?» Vokonas et al.?! showed that the - 
amount of systolic bulging of ischemic myocardium is - 
actually greater at 1 hour than at 6 hours after lisation m k 
of a coronary artery. 2 
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TABLE Ill 
Relation of Aneurysmal Dilation to Time After Infarction : 
Days After Infarction No 
1 3 5 7 14 21 42 '3 
Rats 1 5 9 6 10 10 9 
% Increase of LV diameter over control 
Mean 54 67 36 38 62 43 54 
+ SEM 6.0 6.1 14.5 10.7 4.7 7.0 


p = not significant by linear regression 
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LEFT VENTRICULAR ANEURYSMS—HOCHMAN AND BULKLEY 


Clinical implications: When assessing the relevance 
to human beings of experimental findings from animal 
models, one must examine the similarities and differ- 
ences among the species. Dog coronary arteries have rich 
collateral channels, and most canine infarcts are pre- 
dominantly nontransmural. Transmurality has been 
shown to be necessary for expansion??6; extent of 
transmurality is also a determinant of expansion.? Rat 
coronary arteries appear to be end arteries, because 
most infarcts in them are large and extensively 
transmural. Thus, unlike the dog model, infarcts created 
in rats more closely resemble those human infarcts that 
form aneurysms, that is, large, fully transmural in- 
farcts. 

This experimental study of aneurysm formation in 
rats shows that an aneurysm is formed by the laying 
down of scar on an already aneurysmally dilated sub- 
strate of acutely necrotic myocardium. It supports 
suggestive evidence in human beings that aneurysmal 
shape changes that develop early after myocardial in- 
farction determine late aneurysm formation. Con- 
versely, an aneurysm does not develop late in hearts that 
have not exhibited early infarct expansion. One might 
therefore conclude that interventions designed to in- 
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hibit late aneurysm formation could be aimed at a 
subset of patients identified within hours or days of 


acute myocardial infarction; to be effective, they should, 


be initiated at the early time. 

Hemodynamic factors may determine the presence 
and extent of infarct expansion within the first few 
days after infarction, followed by factors that influence 
the inflammatory reaction. Potential therapeutic in- 
terventions to decrease early infarct expansion might 
include negative inotropic agents, such as beta adren- 
ergic receptor blockade, and preload reduction. Con- 
versely, positive inotropic agents and conditions that 
increase cardiac work might be expected to increase 
stress on the infarcted wall, and therefore the degree of 
expansion. Further work clarifying the factors that af- 
fect infarct expansion and the effects of interventions 
is necessary. 
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The feasibility of performing rapid sequential first pass radionuclide an- 
giocardiography using a new short-lived radiotracer, gold- 195m (T95mAu).- 
half-life 30.5 seconds) was evaluated. This radionuclide emits a 262 keV 
gamma ray and is the daughter of mercury-195 (195"Hg) (half-life 41.6 - 
hours). The prototype tabletop !95mHg/195mAu generator produced 20 to 
25 mCi of '9?"Au in 2 ml of eluate (yield of 40 percent). The breakthrough | 
of '°°™Hg in the eluate was 0.02 percent of the amount of !95"Hg in the 
generator. The eluate contained 20 Ci of !?5"Hg per study, resulting in 
an estimated human radiation dose of 0.007 rad/study to the whole body 
and 0.34 rad/study to the kidney. | 

Four dogs each had 15 to 20 sequential first pass studies performed - 
with '9°™Hg at 3 to 10 minute intervals using a computerized multicrystal - 
gamma camera. During the left ventricular phase, 160,000 to 190,000 - 
counts/s were acquired. The end-diastolic left ventricular region of interest - 
contained 3,000 to 6,000 counts (background- and decay-corrected). 
Multiple reproducible values for left ventricular ejection fraction were 
obtained during stable conditions. The mean (+ standard deviation) in- 
terstudy variability was 4 +2 percent. During infusion of isoproterenol, | 
rapid increase of left ventricular ejection fraction was demonstrated. - 
Excellent agreement was observed between studies performed with - 
technetium-99m diethylenetriaminepentaacetic acid (?9"Tc-DTPA) and - 
195"Au. The mean interstudy difference was 4 +3 percent. Thus, suffi- - 
ciently high yield and dose are obtained from the !95mpHg/195mAu generator 
for reliable high count rate first pass determination of left ventricular 
ejection fraction. This new short-lived radiotracer makes possible rapid 
sequential assessments of ventricular function at greatly reduced patient - 
exposure to radiation. 


First pass radionuclide angiocardiography is a well established technique — 
for assessing right and left ventricular function at rest and exercise, as | 
well as for detecting left to right intracardiac shunts. 1-2 Because acqui- | 
sition of data by the first pass method is rapid, this technique is ideally 

suited for assessing cardiac performance during interventions that result 

in rapid changes in cardiac function. Currently, technetium-99m (99mTc) 

Is the radionuclide of choice for first pass radionuclide angiocardiogra- 

phy. However, with 9™Tc, only a limited number of assessments of - 
ventricular function can be obtained within a short time interval. The — 
physical half-life (t 1/2 = 6 hours) of this radionuclide and the biologic | 
half-life and distribution of its various chemical carriers result in sub- - 
stantial background activity and radiation dose to the patient if multiple 

studies are performed. The use of a shorter-lived tracer for first pass | 
radionuclide angiocardiography would reduce the problems inherent - 
in the use of ?9m'Tc. Therefore, we evaluated a new short-lived (t1/22 . 
30.5 seconds) radiotracer, gold-195m (1%™Au). The predominant — 
emission of !??mAu is a 262 keV gamma ray with 68 percent abundance - 








letop a a cold: Tobin ( 195mHg/195m Au) gener- 
or, supplied by Byk-Mallinckrodt (Petten, Holland) consists 
9 by 12 cm lead housing, containing a 5 by 1 cm glass col- 
| with an inlet at one end and an outlet at the other. 
cury-195m, which has a half-life of 41.6 hours, is adsorbed 
zanic material i in this column. The column can be 
vith an aqueous sodium thiosulfate/sodium nitrate 
supplied by Byk-Mallinckrodt) using the inlet and 
'truding from the lead housing (Fig. 1). The !?»mAu 
ter is eluted from the column. Only small amounts of 
» Hg and !95Au are anticipated to be present in the eluate 
‘equilibrium with 199mAu., 
-All measurements in this study were performed on samples 
obtained after at least 10 preliminary elutions of the generator 
to wash off }5™Hg and ! Hg freed from the column as a result 
of radioautolysis. Measurements of !9™Hg and !?9mAu ac- 
tivity were made with a dose calibrator (model CRC-17, 
apintec, Montvale, New Jersey), using an arbitrary setting 
or the potentiometer in the calibrator circuit. Because of the 
complex decay scheme involved, these activity measurements 
were corrected to true activity by an absolute calibration 
method, using a reference source of selenium-75 ("?Se) of 























$e was counted 
compared with 

eV peak | nown decay scheme data? 
were used to tablas the detector efficiency y for counting the, 
264 keV gamma ray of Se. Data from the table of isotopes* - 
were used to calculate absolute activities from measurements 
on 195nHg and !95™Ay samples using the same geometry. The 
dose calibrator readings for 19°™Hg and !9??mAu then were 
corrected based on these absolute calibrations. 

Experimental protocol: Four mongrel dogs were studied 
with serial first pass radionuclide angiocardiography. This 
study was designed to assess the feasibility of using !??mAu for 
multiple determinations of left ventricular ejection fraction 
at short time intervals during a control state and during acute 
interventions. The dogs were anesthetized with chlorolose- 
urethane, intubated and ventilated with a Harvard respirator. 
Dogs 3 and 4 were also studied before induction of anesthesia 
in an awake state after sedation with diazepam, 10 mg intra- 
venously. To enhance myocardial contractility, isoproterenol - 
(1 to 4 ug/min) was infused for 5 to 10 minutes. Rapid bolus 
injections of !??mAwu were given at 3 to 10 minute intervals. 
During the experiments, the dogs had a mean (+ standard 
deviation) of 15 + 5 determinations of left ventricular ejection 
fraction during the control state (awake or anesthetized), 
during isoproterenol infusion and during the recovery period 
(Fig. 2). For comparison, two rapid bolus injections with 15 
mCi of 9™Tc diethylenetriaminepentaacetic acid (DTPA) 
were given at 20 to 30 minute intervals at the end of each ex- 
periment. 

First pass radionuclide angiocardiography: A com- 
puterized multicrystal scintillation camera (Baird Atomic 
System 77, Bedford, Massachusetts) was used for first pass 
radionuclide angiocardiography. The pulse height analyzer 
setting of the camera was adjusted for the photon energy of 
the radionuclide used. For !%°™Au 262 keV photons, the set- 
ting was window 50, bias 8 and lower level 20; for 99™T'c 140 
keV photons, the setting was window 30, bias 6 and lower level 
10. Field uniformity correction for studies with !??mAu was 
performed using a flood source containing mercury-203 
(Hg) (279 keV). For studies with ??*Tc, a cobalt-57 7Co) 
flood source (128 keV) was employed. The method for first 
pass radionuclide angiocardiography has been previously 
standardized and validated in our laboratory using 9™T'c.5 © 
For the first pass studies using !9?"Au, the generator was 
placed in lead shielding approximately 180 cm from a dog 
positioned under the gamma camera. 'The generator was 
flushed rapidly with 2 ml of eluent, while the eluate simulta- 
neously withdrawn from the outlet of the column. The eluate . 
then was introduced into a 3 ml extension tube filled with | 
normal saline solution and connected to a short (13 cm) 
catheter placed by way of the external jugular vein into the 
proximal superior vena cava. First pass radionuclide angio- 
cardiography in the right lateral position was performed by 
flushing the dose as rapidly as possible with 10 ml of saline 
solution contained in a separate syringe attached to a three 
way stopcock. The time interval between elution of the gen- 
erator and rapid injection was approximately 7 seconds. 

The scintillation data obtained during the transit of the 
bolus dose through the central circulation were recorded in 
25 to 50 ms frames and stored in computer memory. For pro- 
cessing of the studies using !99?mAu, the data were corrected 
for the decay of the radionuclide. Subsequent processing was 
performed as described previously.? A background-corrected 
time-activity curve (summed representative cycle) was gen- 
erated from an area of interest over the left ventricle. Left 
ventricular: ejection fraction was calculated. in ee usual 
















Jog 3. Rapid serial assessments of left ventricular 20 
ion (LVEF) using '95"Au, Rapid changes in ejection 
induction of anesthesia with chlorose-urethane and - 
terenol infusion can be demonstrated. Note the good re- 
‘ibility during stable phases and the excellent agreement | ae ch SC 

th ejection fraction determinations using 9°™Tc-DTPA. | TIME (min) 2 does d 
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"manner: me counts minus end-systolic counts di- second generator (Dog 3 and 4) contained ay 
c: vided by end-diastolic counts. i of !??nHeg. Approximatelv 25 mCi 
e ; _In Dog 3 a continuous infusion (3.5 ml/minute) of 195m Ay uU ji 2x mC ena pseudo. p 
was performed af ter completion of the first pass studies to (measured 7 seconds after elution) was administered by 
‘naa eae : 7 f e at aed eg ibid equilib- rapid bolus injection of 2 cc eluate using these genera: 
uk uc eM LIES ea gamni tors. Thus, approximately 29 and 22 mCi of !5™Au were 
_ camera (LEM, Siemens Gammasonics, Islen, New Jersey) appo Aes 1958 Asx ori i 
. equipped with a medium energy parallel hole collimator and eluted at time 0, indicating that the !? Au y. ield at u * 
. interfaced with a minicomputer (A?, Medical Data Systems, time of elution for both generators was approximateb 
. Ann Arbor, Michigan) was used. Left ventricular ejection 40 percent (expressed as percent of iS5mA y activity on 
- fraction was determined using standardized techniques.9 the generators, which is 45 percent of the 1955mHs ac 
After the experiments were completed, Dog 4 was killed, tivity). After the initial animal experiments, the gen- 
, and organs or organ samples were removed for later counting. erators were eluted at least 20 times daily during the 
| Ater appropr iate delay to allow for decay of 99"Te, the subsequent 7 days (a total eluate volume of more than 
amount of "Hg in each sample was determined by counting 300 ml). During this period, the !95mAu yield remained 
: NS Er detector (Princeton Gammatech, Princeton, stable at approximately 40 percent. Because radiation 
—.. Dosimetry: The organ distribution of !95™Hg (the break- Re pq dm primarily from the longer lived 
through product with the longest half-life) was determined ""Hg (t 1/2 = 41.6 hours), the amount of : "Hg 
. by counting various excised organs in a total of seven dogs breakthrough from the generator is of great practical 
(including Dog 4) with a Ge (Li) detector. The dogs were killed importance. Analysis of the eluate indicated that !>™Hg 
at times varying from immediately after a series of !95™Au/ breakthrough was stable over a 7 day period; however, 
"Hg injections to 48 hours after injection. The amount of it was greater for the first generator (0.07 percent of the 
 |5mHe injected into each dog was determined by measuring amount of !95nHg present on the generator) than for tt 
the activity of !9»?"Hg in elutions performed before and after second generator (0.02 percent). Consequently, 

: tion. The organ counts then were converted (using amount of !9™Hg present in each 2 ml of elua 
lards already described) to percent of administered ac- = 
lelivered to the organs studied. 

"he radiation dose to human organs was estimated from 
` the organ distribution found at 48 hours, The radiation dose 
_ calculations were carried out using the MIRD equations.’ The 
ollowing assumptions were made: (1) The organ distribution 
?5ÍHg in human subject is the same as those found in dogs 
hours. (2) The !95"Hg decays to its daughters !9?mAu and tient. B 

, and to its granddaughter !9?^Au within the organ. (3) Serial !??"Au first pass angiocardiogr 
he daughter and granddaughters of !95PHg are not results of rapid serial determinations of le! 
anslocated but undergo complete physical decay in the organ ejection fraction are shown in Figures 2 
hich they are produced. studies were of good technical quality. Th. 
n cellent temporal separation of right 
phases. The images of the transit of t: 
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. Results 
y-195m/gold-195m generator: Two pro- dose through the central cir 
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noe 3. Dog 3. Regional wall motion studies using '9*"Au and 
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s 9mTc-DTPA. Each image represents a composite consisting of a 
_ computer-generated end-diastolic perimeter superimposed on the 
- end-systolic image. The top panel shows studies with '9?"Au after in- 
- duction of anesthesia (A) and during infusion of isoproterenol (B). The 
. difference i in left ventricular ejection fraction (EF) also can be visually 
2 a )preciated. The bottom panel shows two consecutive studies with 
.. 9mTc (C) and '95"Au (D). These images are virtually identical, as are 
? ; the sjectien fractions. 


| inate intervals, there was a gradual increase of back- 
- ground activity due to accumulation of '™Hg. The 
- increase of background ranged from 6 to 11 percent per 
. study. Most of this residual activity of 195mHe accu- 
. mulated in subdiaphragmatic tissues, and was highest 
. using the first generator. The contribution of this 
_ background activity in the left ventricular region of 
nterest was minimal compared with that in ?9?m'Tc. 
DTPA studies. Using *9"Te-DTPA, the mean increase 
of residual activity was 34 percent per study when 
studies were performed at 20 minute intervals. Multiple 
determinations of left ventricular ejection fraction can 
e obtained i in a rapid sequence using !??nAu (Fig. 2). 
e values obtained for left ventricular ejection fraction 
1 eproc ucible (the mean interstudy variability of 25 
dies w ie 4 ee I and acute cc in cardiac 






















15 rade) 
l kidney 







Liver 0. 
Spleen 0.086 
Ovaries 0.003 
Testes 0.001 
Total body 0.007 


t Two ml of eluate containing 20/uCi '9*5"Hg, and 20 mCi '9?9mAu 
is injected per study. 


Both Dogs 1 and 2 had significantly depressed left . 
ventricular ejection fraction in the baseline study, 
probably because of prolonged and deep anesthesia. A 
similar effect, albeit to lesser extent, was observed in 
Dog 3 (Fig. 2); in the sedated state, left ventricular 
ejection fraction was normal, but it decreased signifi- 
cantly after induction of anesthesia. 

In the !??mAu studies, the background- decay-cor- 
rected counts in the end-diastolic left ventricular region _ 
of interest ranged from 3,000-6,000. In comparison, the — 
counts in end-diastole using 15 mCi of 9mTc-DTPA . 
ranged from 3,000 to 5,000. The time-activity curves - 
obtained with 196mAu and 99m'T^.DYTPA were visually - 
identical. Figure 3 shows the images obtained with 
195mAu and ??m'Te-TD'TPA. 

Equilibrium blood pool study: During continuous 
infusion of the eluent through the generator a stable 
cardiac blood pool image of both the right and the left 
ventricle was obtained. In the 30? left anterior oblique- : 
position, which gave best separation of both ventricles, | 
left ventricular ejection fraction determined using 
195mAu was 34 percent. After in vivo labeling of the 
blood pool with 15 mCi of 9°™Tc, it was calculated to he » 
38 percent in the same position. | 

Dosimetry: The estimated human organ "radiation x 
doses calculated on the basis of the !?»*"Hg distribution 
in dogs at 48 hours are given in Table I. These assume 
injection of 20 mCi of ™Au and 20 uCi of !19mHg. The - 
uptake expressed as a percent of injected dose was less 3 
than 1 percent in organs not listed. l 


Discussion 


Clinical utility of method: The results of this study 
using a prototype !95*Hg/1959mAu generator demon- 
strate that rapid sequential first pass assessments of left- 
ventricular ejection fraction can be performed using the _ 
short-lived Au daughter. This makes possible | 
multiple determinations using the first pass technique _ 
at rest and during a variety of physiologic or pharma- - 
cologic interventions. This approach would be partic- 
ularly relevant clinically i in i evaluating. patients whose. 
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erformed using this short-lived 


)dologic considerations: We performed first 
1uclide angiocardiography using a stationary 
ed multicrystal camera, an instrument ide- 
d for first pass studies because of its high count 
apability (up to 500,000 counts/s). The relative 
ergy photon emission of !9?"Au at 262 keV ne- 
Hates medium to high energy collimation if con- 
'entional single crystal gamma cameras are to be used 
- for imaging. Currently, these cameras are not optimal 
_ for first pass studies because of their relatively limited 
-< count rate capability. However, future advances in 
. gamma camera design may overcome this problem and 
. allow reliable first pass studies with portable sys- 
ms. 



















he tabletop generator has a sufficiently high yield 
in a relative small volume of eluate to perform high 
. quality first pass radionuclide angiocardiography. Each 
_ bolus injection contained approximately 20 to 25 mCi 
of ?»"Au. resulting in excellent count rates during the 
. left ventricular phase of the transit of the radioactive 
. bolus dose through the central circulation. For high 
quality first pass studies, high count rates in the left 
ventricular region of interest are essential to assure 
- Statistical reliability. In the studies performed with 
.195mAu. 160,000 to 190,000 counts/s (uncorrected for 
decay) were collected in the whole field of view during 
. the passage of the radioactive tracer through the left 
ventricle. The counts (background- and decay-cor- 
rected) in the end-diastolic left ventricular region of 
- interest were in the range of 3,000—6,000. In addition, 
the short half-life of !9?"Au results in minimal buildup 
of background in the cardiac region. Therefore, rapid 
Serial injections at 3 to 5 minute intervals are pos- 
ble. 
„potential major benefit of using a short-lived ra- 
: diotracer is the significant reduction in radiation dose 
-to the patient. Because of the short half-life of 195mAu, 
-the radiation dose from this radionuclide is negligible. 
The radiation exposure from a study with !9?mAu is 
mainly determined by the amount of long-lived !95mHg 
.(t1/2 = 41.6 hours) breakthrough in the eluate. 
. The radiation absorbed dose was calculated upon the 
basis of the 48 hour organ distribution in dogs using 
_MIRD values’ of absorbed doses. The estimated ra- 
ation dose/study (one injection of 2 ml of eluate) using 
‘the second prototype generator was 0.007 rad for the 
: whole body, 0.34 rad for the kidneys and 0.07 rad for the 
(Table I). These values are substantially better 
1 those for technetium-99m pertechnetate (20 mCi): 
or the whole body and 2.0 rads for colon. The 
diation doses would be approximately four 

















rolonged period of time, a 3 
le during the acute phase of ^ i 
mall size of the tabletop ` 


dicate that multigated blood pool 










breakthroughs. 


. Other short-lived radionuc 
tantalum-178 (t 1/2 = 9.3 mit J has Det 
as a generator-produced short-lived rac 
able for first pass radionuclide angiocardic 
Although promising results have bee 0j 
this short-lived radiotracer, a limitation app 
the low energy of the major photon e 

at 55 to 65 keV) and the high level of backgrou 
tivity resulting from a 500 keV photon 
other ultrashort-lived generator-produced radi 
that has been proposed is iridium-191m. UA 
tracer has optimal photon energy (129 keV) for irr 
its 4.9 second half-life is too short for first pass 
in adults. Consequently, this radiotracer has 
proposed for application in pediatric cardiology. T 
half-life of !99mAu appears to be ideally suited for ap 
plication in adults. In normal subjects, radioactivit 
reaches the left heart chambers within approximate 
10 to 15 seconds after rapid bolus injection into th 
basilic vein. This interval may be considerably longe 
in seriously ill cardiac patients, but rarely exceeds 2 
seconds. The half-life of the parent, !™Hg, is long 
enough (41.6 hours) to allow shipment of the generator 
to relatively remote places. The satisfactory yield of 
'°™ Au from the generator allows multiple assessments. 







































































of cardiac performance over al day period. . ^. * 
A major concern with the use of this generator sys 
tem is the amount of !%"Hg breakthrough. Our results. 
are based on the performance of prototype generators, 
The second generator had considerably less. mmHg 
breakthrough after modification of the production. I 
is anticipated that the amount of !??"Hg breakthroug 
can be controlled by further improvement of the gen 
erator. Our findings suggest the need for further st ids 
and evaluation of the applicability of this new radio 
isotope in patients. E 





Addendum 


Since acceptance of this manuscript for pub 
we have had experience with five additional geni 
The yield of !™Au has consistently increas 


percent (50 mCi/2 ml of eluate), while the brea 
of 1*9" Hg decreased to 0.006 to 0.018 percen 
uCi/2 ml of eluate). Patient studies using s 

erators are now being conducted. ye ORG 
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. In Holter studies... 





An office-based system gives you the clinical data you're 
used to getting...without specially-trained operators. 


After more than six years of development and rigorous clinical evaluation, a microcomputer based system 
called AEGIS” is now available for ambulatory monitoring. 


AEGIS has been designed to analyze in real time: 
ventricular ectopic beats (VEB), ventricular couplets 
(VC), ventricular tachycardia (VT), supraventricular 
premature beats (SVPB), and supraventricular 
tachycardia (SVT). Missed beats, marked pauses, 
sustained ventricular tachycardia, bradycardia and 
tachycardia are also differentiated by the system. 
When the 24-hour monitoring activity is completed, 
AEGIS provides the attending physician with a 
comprehensive summary report and confirming rhy- 
thm strips in minutes. The system is fully-auto- 
mated so no specially-trained office staff is required, 
therefore turnaround time and cost of the procedure 
are substantially reduced. 


Microcomputer Technology 

The AEGIS Real Time Analyzer, a powerful 8 bit 
microcomputer system, combines the recording and 
analyzing activities in one unit that analyzes each 
heartbeat in real time, detecting, categorizing and 
counting arrhythmias as they actually occur. Because 
the analysis is in real time, the system is able to 
apply substantially more instructions per QRS than 
much more powerful computer systems operating at 
60 to 240 times real time. 


Accurate, consistent arrhythmia detection 

AEGIS analyzes arrhythmias detecting departures 
in rate, rhythm and morphology from each patient’s 
normal reference. The AEGIS computer can find 
and reference a patient's “normal” beat in less than 
two minutes even under a wide variety of difficult 
conditions such as chronic bigeminy, atrial fibrilla- 
tion and bundle branch block. Furthermore, the 
"normal" reference beat is continually updated 
throughout the analysis period to account for 
changes in the position of the heart due to body 
movement. 

Abnormal morphologies are detected via both 
feature extraction and template matching. (AEGIS 
is unique in its use of both methods of analysis.) 
When deviations exceed specified criteria, a mor- 
phology change is noted. 

Rate, rhythm and morphology information is then 
applied to decision algorithms to determine the clas- 
sification of each specific morphology change. 


Overcoming problems caused by artifacts 
To overcome the problem of artifacts and interfer- 
ence distorting information, AEGIS utilizes a series 


of highly refined classification algorithms develop 
from a data base of several hundred patients with 
variety of morphologies, amplitudes and artifaci 
A dual channel system, AEGIS also has the uniq 
capability of being able to sense when artifacts a 
overwhelming the usefulness of information and 
switch automatically to the other lead signal f 
processing. 
Decision-making capability 
The AEGIS 8 bit microcomputer system is au 
mented by an analog preprocessor which perforr 
filtering, automatic gain control and QRS detecti: 
functions. Thus, the microcomputer has more tir 
and memory available for real time decision makin 
In fact, AEGIS is able to apply many more coi 
puter cycles in this decision making than far mo 
expensive scanner systems operating at high speec 
Simplification 
Because all analysis occurs within the compact 2 
pound AEGIS Real Time Analyzer, the convention 
high-speed scanner is replaced by a simple, aut 
matic playback unit called a Report Generator. T 
need for a specially trained operator is eliminated 
Also eliminated are the dependence of reports : 
the qualitative perceptions of individuals and tJ 
inaccuracies or inconsistencies that result fro 
operator variability and fatigue. 


Advantages to the physician 

The AEGIS System eliminates the turnaround tin 
involved in using a scanning service— diagnost 
results are printed in the physician's office, almo 
immediately. 

All components have built-in quality contr 
checks for rigorous verification of the system 
integrity. Patient hook-up is identical to that 
conventional Holter ECG recording systems; an 
with minimal training, anyone can operate the R 
port Generator. Once begun, the printout proce 
requires no operator attendance and rhythm strij 
as well as summary categorization reports are coi 
pleted in minutes. 

AEGIS can significantly reduce the cost of cor 
plete Holter analysis, and since it is a software bas: 
system, the physician can keep it updated as ne 
technological advances are made. AEGIS Ambul 
tory Monitoring Systems, Medical Concepts, In 
137 Gaither Drive, Mt. Laurel, New Jersey 0805 
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Calan»s:. 


(verapamil HCI) 


Contraindications: Severe left ventricular dysfunction 
(see Warnings), hypotension (systolic pressure < 90 mm 
Hg) or cardiogenic shock, sick sinus syndrome (if no 
pacemaker is present), 2nd- or 3rd-degree AV block. 
Warnings: Verapamil should be avoided in patients 
with severe left ventricular dysfunction (eg, ejection 
fraction < 30%) or moderate to severe symptoms of 
cardiac failure. Control milder heart failure with optimum 
digitalization and/or diuretics before Calan is used. 
Calan may occasionally produce hypotension usually 
asymptomatic, orthostatic, mild, and controlled by 
decrease in Calan dose. Occasional elevations of liver 
enzymes have been reported; patients receiving verapamil 
should have liver enzymes monitored periodically. Patients 
with atrial flutter/fibrillation and an accessory AV 
pathway (eg, WPW or LGL syndromes) may develop a 
very rapid ventricular response after receiving verapamil 
(or digitalis). Treatment is usually D.C.-cardioversion. AV 
block may occur (3rd-degree, 0.8%). Development of 
marked 1st-degree block or progression to 2nd- or 
3rd-degree block requires reduction in dosage or rarely, 
discontinuation and institution of appropriate therapy. 
Sinus bradycardia, 2nd-degree AV block, sinus arrest, 
pulmonary edema and/or severe hypotension were seen 
in some critically ill patients with hypertrophic 
cardiomyopathy who were treated with verapamil. 
Precautions: Verapamil should be given cautiously to 
patients with impaired hepatic function (in severe 
dysfunction use about 3096 of the normal dose) or 
impaired renal function and patients should be monitored 
for abnormal prolongation of the PR interval or other 
signs of overdosage. Studies in a small number of 
patients suggest that concomitant use of Calan and 
beta-blockers may be beneficial in patients with chronic 
stable angina. Combined therapy can also have adverse 
effects on cardiac function. Therefore, until further studies 
are completed, verapamil should be used alone if possible. 
If combined therapy is used, patients should be monitored 
closely. Combined therapy with verapamil and propranolol 
should usually be avoided in patients with AV conduction 
abnormalities and/or depressed left ventricular function 
or in patients who have also recently received methyldopa. 
Chronic verapamil treatment increases serum digoxin 
levels by 5096 to 7096 during the first week of therapy. 
which can result in digitalis toxicity. The digoxin dose 
should be reduced when verapamil is given, and the 
patient carefully monitored. Verapamil may have an 
additive hypotensive effect in patients receiving blood- 
pressure lowering agents. Disopyramide should not be 
given within 48 hours before or 24 hours after verapamil 
administration. Until further data are obtained, combined 
verapamil and quinidine therapy in patients with 
hypertrophic cardiomyopathy should probably be avoided, 
since significant hypotension may result. Adequate anima! 
carcinogenicity studies have not been performed. One 
study in rats did not suggest a tumorigenic potential, and 
verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled 
studies in pregnant women. This drug should be used 
during pregnancy, labor, and delivery only if clearly needed. 
It is not known whether verapamil is excreted in breast 
milk; therefore, nursing should be discontinued during 
verapamil use. Adverse Reactions: Hypotension (2.9%), 
peripheral edema (1.796), AV block: 3rd-degree (0.8%), 
bradycardia: HR< 50/min (1.1%), CHF or pulmonary 
edema (0.9%), dizziness (3.6%), headache (1.8%), fatigue 
(1196), constipation (6.396), nausea (1.6%). The following 
reactions, reported in less than 0.596, occurred under 
circumstances where a causal relationship is not certain: 
confusion, paresthesia, insomnia, somnolence, 
equilibrium disorders, blurred vision, syncope, muscle 
cramps, shakiness, claudication, hair loss, maculae, 
and spotty menstruation. Overall continuation rate of 
94.5% in 1166 patients. How Supplied: Calan 
(verapamil HCl) is supplied in 80-mg and 120-mg sugar- 
coated tablets. 
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From the publishers 

of the American 

Journal of Medicine 
Jay S. Skyler, M.D., 


University of Miami 
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School of Medicine . E 
George F. Cahill, Jr., E 
M.D., D 

Harvard Medical School and 3 





Howard Hughes Medical Institute 


60 internationally prominent contributors 4 


provide in 26 papers a comprehensive overview 
of the current thinking on the causes, 
mechanisms, treatment and complications of 3 
diabetes. Featured topics include: ¥ 


B The causes of diabetic inheritance i 

B Mechanisms of diabetes 1 

B New developments in the treatment of 
diabetes 


B Human insulin produced by recombinant 
DNA technology 


If it is important to you in your practice to stay 
up-to-date on the latest developments in | 
Diabetes Mellitus and you need a quick : 


reference on the topic, then this is the book x 
for you. $ 
(clothbound) $29.50 (paperbound) $19.50 
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Yorke Medical Books 3 


Box C-757, Brooklyn, New York 11205 AJCG2 


Please rush me: 

] copy(s) of Diabetes Mellitus in hardbound 
($29.50) softbound ($19.50) i 
(Add $5.00 for orders outside the U.S. and Canada) E 

-| Enclosed is my check for 
Yorke pays postage and handling. 
Please bill me plus postage and handling 
(U.S. and Canadian residents only) 

. Please bill my Visa Master Card 
Card No. 
Exp. Date M/C Interbank No. 
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 Cardioselective 
at usual . 
therapeutic 


doses 


Cardioselective 


Lopressor 


metoprolol tartrate 


Studies have shown that Lopressor is often significantly 
cardioselective at the usual therapeutic doses of 100 to 200 
mg/day.* Beta-one selectivity diminishes as the dosage of 
Lopressor is increased. In beta blockade, beta-one receptors in the 
heart are the key to lowering blood pressure. 

Contraindicated in sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac failure. 


*exerts a relative preference for beta-one receptors; 
this preference is not absolute. 


*Data on file, Geigy Pharmaceuticals. 





ip 
Please see next page for brief summary of prescribing information. Geigy 


possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 


Major Surgery: The necessity or desirability cf 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted. how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents. e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Ditficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis sig ined carefully to 

E. avoid abr Bkade which 





Lopressor 
metoprolol tartrate 


The fastest 
growing drug 
in the history 
of anti- 
hypertensive 


medicine’ 





Lopressor* 
metoprolol tartrate 







































An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing 'nformatio 


Indications Lopressor is indicated in t 
ment of hypertension. It may be used a 
combination with other antihycertensj 
especially thiazide-type diuretics. 


Contraindications Lopressor s cq 
sinus bradycardia, heart block gre 
degree, cardiogenic shock, and q 
ure (see Warnings). 

Warnings Cardiac Failure: S 
tion is a vital component suppo 
function in congestive heart fai 
ade carries the potential hazar 
ing myocardial contractility an 
severe failure. In hypertensive 
congestive heart failure contra 
diuretics, Lopressor should bg 
tiously. Both digitalis and meta 
conduction. 


In Patients Without a History 
continued depression of the m 
beta-blocking agents over a pé 
some cases, lead to cardiac fa 
or symptom of impending cardi 
should be fully digitalized and/o 
and the response observed clos 
ure continues, despite adequate ¢ 
diuretic, Lopressor therapy shou d 


Ischemic Heart Disease: Follow ng 
tion of therapy with certain beta-blo 
exacerbations of angina pectoris and 
cases, myocardial infarction have bee 
Even in the absence of overt angina pe 
discontinuing therapy, Lopressor should 
withdrawn abruptly, and patients should be 
tioned against interruption of therapy withou 
physician's advice. 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly anc the lowest 


fed for 


excreted 
undertaken 6 


Usage in Children: 
children have not been * 


Adverse Reactions Most adverse € “have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities. arterial insufficiency, 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 






Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrnea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 06100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolc! has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: In addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia: visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss. emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychomettics. 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash. fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopressor 
be individualized. The usual initial dose is 
wice daily whether used alone or added to a 
cyl he dosage may be increased at weekly 
gy intervals until optimum blood pressure 
ions achieved. In general, the maximum ef- 
iven dosage level will be apparent after 
erapy. Usual maintenance dosage is 
100 mg twice a day, with a range of 
O mà per day. Dosages above 450 mg per 
3ipotibeen studied. While twice-daily dos- 
Aive and can maintain a reduction in 
> throughout the day, some patients, 
en lower dosages are used, will expe- 
nce a flnoaést rise in blood pressure toward the 


luatediby measuring blood pressure near the 
of theidosing interval to determine whether 
factofy control is being maintained throughout 
ontrol is not adequate. a larger dose, or 
Sdaily therapy, may achieve better con- 
electivity diminishes as dosage of 

$ increased. 






























1 protected from moisture. 

ed Tablets of 50 mg (capsule-shaped, 
fred, film-coated) and 100 mg 

aped, scored, light blue, film-coated) 
in bottles of 100 and 1.000 and Unit 
apes of 100. 


trolled room temperature and protect 


Might, light-resistant container (USP). 
C79-22 (8/79) 
3e details, including description, clinical 


acolBgy and overdosage, please see full 
ribi information. 
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Proc ^ SR 


(PROCAINAMIDE 
HYDROCHLORIDE TABLETS) 


Proved bioequivalent at steady state to the Procan SR 500-mg tablet* 
by nce Mode plasma levels. 





ror padenss With atcriai HOMUATON and ooroxusmoi atrial cacnucorota. 


While individual ctm should be titrated, for many adults with ventricular Te | 
the suggested maintenance dose is 0.75 gram qóh. With our new 
750-mg scored tablet, the physician can now administer one tablet qóh to maintain 
procainamide blood levels all day and all night. 





*Based on a randomized, two-way crossover trial following multiple-dose administration to 12 subjects (data on file, Medical Affairs Dept, Parke-Davis). 


Procan SR... 
The original sustained-release oral procainamide. 
Now it provides the dosage versatility you need! 


PARKE-DAVIS | 


©1982 Uorner-Lombert Company Please see next page for brief summary of prescribing information. 
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| me prolonged achaicistration of procainamide often leads to the develop- 
i  mentofa positive antinuclear antibody (ANA) test with or without symp- 
Ur 1 tom Ene Bravo syndrome. If a positive ANA titer 
velops, the benefit/risk ratio related to continued procainamide therapy 
Hu should be assessed. This may necessitate consideration of alternative 
| jen rhythmic therapy. 
—. INDICATIONS AND USAGE: Oral procainamide is indicated in the treatment 
. of f premature. ventricular contractions and ventricular tachycardia, atrial fibril- 
, and paroxysmal atrial tachycardia. 
- l RAINDICATIONS: It has been suggested that procainamide be anta. 
"indicated in patients with myasthenia gravis. Hypersensitivity to the drug is an 
. absolute contraindication; in this connection, cross-sensitivity to procaine and 
E related drugs must be borne in mind. Procainamide should not be adminis- 
. tered to patients with complete atrioventricular heart block. Procainamide is 
- also contraindicated i in cases of second-degree and third-degree A-V block 
unless an electrical pacemaker is operative. 
=CAUTIONS: General — During administration of the drug, evidence'of 
untoward myocardial responses should be carefully watched forinall — ' 
1 . Inthe presence of an abnormal myocardium, procainamide may at 
times produce untoward responses. In atrial fibrillation or flutter, the ventricu- 
à der rate may increase suddenly as the atrial rate is slowed. Adequate digitali- 
reduces, but does not abolish, this danger. If myocardial damage 
exists, ventricular tachysystole is particularly hazardous. Correction of atrial 
fit rillation, with resultant forceful contractions of the atrium, may cause a dis- 
odgement of mural thrombi and produce an embolic episode. However, it has 
b been suggested that in a patient who is already discharging emboli, pro- 
namide is more likely to stop than to aggravate the process. 
ope medistths heart rate in a patient who has developed ventricular 
s te achycardia during an occlusive coronary episode should be carried out with 
epee Caution. Caution is also required in marked disturbances of atrioven- 
on jlar conduction such as A-V block, bundle branch block, or severe digi- 
talis fntkication, where the use of procainamide may result in additional 
asde pression df conduction and ventricular asystole or fibrillation. 
: ds - Because patients with severe organic heart disease and ventricular tachy- 
2 cardia may also have complete heart block, which is difficult to diagnose 
E. der these circumstances, this complication should always be kept in mind 
treating ventricular arrhythmias with procainamide. If the ventricular rate 
Nu: s significantly Slowed by procainamide without attainment of regular atrioven- 
. sm C ular conduction, the drug should be stopped and the patient reevaluated 
| ze asystole may result under these circumstances. 
In patients receiving normal dosage, but who have both liver and kidney 
. dis ease, symptoms of overdosage (principally ventricular tachycardia and 
e hypotension) may occur due to drug accumulation. 
r “Instances of a syndrome resembling lupus erythematosus have been 
. repo rted in connection with maintenance procainamide therapy. The mecha- 
nism of this syndrome is uncertain. Polyarthralgia, arthritis, and pleuritic pain 
E fe common symptoms; to a lesser extent, fever, myalgia, skin lesions, pleural 
effusion, and pericarditis may occur. Rare cases of thrombocytopenia or 
. Coombs-positive hemolytic anemia have been reported which may be related 
3 f tothis syndrome. 
Doratory Tests— Patients receiving procainamide for extended periods of 
me, o or in whom symptoms suggestive of a lupus-like reaction appear, should 
ha e antinuclear antibody titers measured at regular intervals. The drug 
- should be discontinued if there is a rising titer (antinuclear antibody) or clinical 
rs y |ptoms. of LE appear. The LE syndrome may be reversible upon discontin- 
uatio of the drug. If discontinuation of the drug does not cause remission of 
ne symptoms, Steroid therapy may be effective. If the syndrome develops in 


ee 


a a patient with recurrent life-threatening arrhythmias not controllable by other 
-antiarrhythmic agents, steroid suppressive therapy may be used concomi- 
_tantly with procainamide. It is recommended that tests for lupus erythema- 

. tosus be carried out at regular intervals in patients receiving maintenance 
"procainamide therapy. 


Routine blood counts are advisable during maintenance procainamide 


ERSE REACTIONS: Agranulocytosis has occasionally followed the 
peated ‘use of the drug, and deaths have occurred. Therefore, routine blood 
- counts are advisable during maintenance procainamide therapy. The patient 








ructed to report a is of the mouth, th qm 
unexplained penen nptoms of upper respiratory tract infection. If any 
of these should oecur, and gemi counts indicate cellular depression, pro 
cainamide therapy should be discontinued and appropriate treatment. sou D 
be instituted immediately. | 

Hypersensitivity reactions, such as angioneurotic edema and maculopapu- 
lar rash have alsooccurred. 












A syndrome resembling lupus A ages has been reported (see — r os 


PRECAUTIONS). 

Hypotension following oral administration is rare. 

Large oral doses of procainamide may sometimes produce anorexia, nau- 
sea, urticaria, and/or pruritus. 

Reactions consisting of fever and chills have also been reported, including 
a case with fever and chills plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase follow- - 
ing single doses of the drug. Bitter taste, diarrhea, weakness, mental depres- 
sion, giddiness, and psychosis with hallucinations have been reported. The 
possibility of such untoward effects should be bome in mind. 

DOSAGE AND ADMINISTRATION: Procan SR (procainamide hydrochlo- 
ride) tablets are a sustained-release product form. The duration of action of 
procainamide hydrochloride supplied in this sustained-release product form 
allows dosing at intervals of every six hours instead of the more frequent 
every-three-hour dosing interval required for standard preparations of oral 
procainamide hydrochloride. The convenient six-hour dosing schedule may 
encourage patient compliance. 

Ventricular tachycardia— Treatment with standard procainamide hydro- 
chloride is recommended until the tachycard.a is interrupted or the limit of tol- 
erance is reached. Maintenance may then be continued with Procan SR. 

The suggested dosage is as follows: An initial dose of 1 g of standard pro- 
cainamide hydrochloride followed thereafter 5y a total daily dose of 50 mg/kg 
of body weight given at three hour intervals. The suggested oral dosage for 
premature ventricular contractions is 50 mg/kg of body weight daily given in 
divided doses atthree-hour intervals. 

The suggested maintenance dosage of Procan SR is 50 mg/kg of body 
weight daily given in divided doses at six-hour intervals. 

Although the dosage for each patient must be determined on an individual 
basis, the following may be used as a guide for providing the total daily dos- 
age: patients weighing less than 55 kg (120 Ib), 0.5 g every six hours; patients 
weighing between 55 and 91 kg (120 and 200 Ib), 0.75 g every six hours; and 
patients weighing over 91 kg (200 Ib), 1 g every six hours. 

Atrial fibrillation and paroxysmal atrial tachycardia— Treatment with 
standard procainamide hydrochloride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached. Maintenance may then be con- 
tinued with Procan SR. 

The suggested dosage is as follows. An initial dose of 1.25 g of standard 
procainamide hydrochloride may be followed in one hour by 0.75 g if there 
have been no electrocardiographic changes. Standard procainamide hydro- 
chloride may then be given at a dose of 0.5 to 1 g every two hours until inter- 
ruption of the arrhythmia or the tolerance limit is reached. 

The suggested maintenance dosage for Procan SR is 1 g every six hours. 

If procainamide therapy is continued for appreciable periods, electrocar- 
diograms should be made occasionally to determine the need for the drug. 
HOW SUPPLIED: Procan SR 250 mg (green, film-coated tablet. P-D 202) is 
available in bottles of 100 (N 0071-0202-24) and in unit-dose packages of 100 
(10 strips of 10 tablets each) (N 0071-0202-40). Each sustained-release tablet 
contains 250 mg procainamide hydrochloride. 

Procan SR 500 mg (yellow, scored, film-ccated tablet. P-D 204) is Available 
in bottles of 100 (N 0071-0204-24) and in unit-dose packages of 100 (10 strips 
of 10 tablets each) (N 0071-0204-40). Each sustained-release tablet contains 
500 mg procainamide hydrochloride. 

Procan SR 750 mg (orange, scored, film-coated tablet. P-D 205) is available 
in bottles of 100 (N 0071-0205-24) and in unit-dose packages of 100 (10 strips 
of 10 tablets each) (N 0071-0205-40). Each sustained-release tablet contains 
750 mg procainamide hydrochloride. 

Storage— Protect from moisture. Store bottles below 86? F (30? C). 
Store unit-dose packages at controlled room temperature, 59°-86° F 
(15?-30? C). 0202G011 


PARKE -DAVIS 
Div of Warner-Lambert Co 
Morris Plains, NJ 07950 
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summary of abnormal beats and 
average heart-rate in a simple-to-read 
report. Abnormal beats are counted 
and classified in premature and wide, 
premature and narrow, and couplet, 
run and non-classified categories. 


Now you can look at every single 
heartbeat of your patient's day— with- 
out wading through complicated charts 
or relying on mechanical analysis. Be- 
cause now there's Q-Scan, a new full- 
disclosure Holter monitoring system 
from Quinton. 


Theinformation you need 

in a simple-to-read format. 

Q-Scan was designed to make the 
best use of both your time and exper- 
tise. It doesn't make value judgments. 
Instead it gives you al/ the infor- 
mation you need to make your 
diagnostic decisions. 

In just six minutes, it accurately 
reproduces every heartbeat from a 24- 
hour period in a simple-to-read 
report. You can print the entire 
24 hours. Or just those segments 
that interest you. 





Q-Scan gives you a choice of : 


paper, too. A high-speed ultra- 
violet printer is standard, with a 
hard copy printer available as an 
option. An innovation in Holter 
monitoring, the hard copy printer 
gives you permanent black and 
white copies on inexpensive paper. 


Magnification of key 
ata segments. 
With Q-Scan, you have the 


option of taking a closer look at 


critical time periods. Simply choose the 
time you'd like to examine. Q-Scan will 
automatically expand and print those 
segments. Or, you can evaluate the trace 
full-size on standard ECG paper, using 
the optional chart recorder. 

For your convenience, Q-Scan also 
has an optional Arrythmia Detection 
Program. It gives you an hour by hour 


INTRODUCING 
THE HOLTER SYSTE 
THAT NEVER 
MISSES A BEAT. 









Hospital proficiency. 
Office economy. 

With Q-Scan, you can generate top 
quality diagnostic information right in 
your office — without special staffing or 
training. Q-Scan is simple to use. 
And priced to be affordable for 
almost any practice. With a lower 
COSt per test than outside services. 

Most important, Q-Scan is man- 
ufactured with the same quality and 
dependability that's made Quinton 
the leader in cardiac electronics. 

For information on Q-Scan or 
Quinton’s Q family of products, call 
or write Quinton Instrument 
Company, Cardio Fitness Division, 
2121 Terry Avenue, 

Seattle, Washington, 98121, 
1-800-426-0347, Telex 328840. 
Distributed worldwide. 


Quinton 
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Only one 
beta-blocker 





CORGARD 
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See next page for brief summary 
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DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agen 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure— Sympathetic stimulation may be a vital component sup- 
porting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided 
_in overt congestive heart failure, if necessary, they can be used with caution in patients 
‘with a history of failure who are well-compensated, usually with digitalis and diuretics. 
 Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued 
use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
- symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 

or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
| Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
| dosage over a 1- to 2-week period and carefully monitor the patient. Reinstitute 
| nadolol Frompriv (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary in- 
develops. Warn patients not to interrupt or discontinue therapy without 
physician" s advice. Because coronary artery disease is common and may be 
, it may be prudent not to discontinue nadolol therapy abruptly even 
in patients treated only for hypertension. 


No Bronchospasm (e.g., chronic bronchitis, emphysema) — PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
BLOCKERS. Administer nadolol with caution since it may block bronchodilation pro- 
duced by endogenous or exogenous catecholamine stimulation of beta; receptors. 

Major Surgery — Because beta blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting i in protracted hypotension or low cardiac output, it has generally been sug- 
rd that such therapy should be withdrawn several days prior to surgery. Recognition 

the increased sensitivity to catecholamines of patients recently withdrawn from beta- 
"cibis therapy, however, has made this recommendation controversial. If possible, 
- withdraw beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor 
m such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the 
" of nadolol. Difficulty in restarting and maintaining the heart beat has also been 
reported with beta-adrenergic receptor blocking agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the appearance 
of premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of 
acute This is especially important with labile diabetics. Beta-blockade also 
reduces release of insulin in response to hyperglycemia; therefore, it may be necessary to 
adjust dose of antidiabetic drugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
rn lema icm scd gm precipitate a thyroid storm, carefully manage patients suspected 

ing th 
RU HUNE to opaki Hepatic or Renal Function — Use nadolol with caution in 
presence of either of these conditions (see DOSAGE AND ADMINISTRATION sec- 
tion of package insert). 

Information for Patients — Warn patients, especially those with evidence of coronary 
artery insufficiency, against interruption or discontinuation of nadolol without physician’s 
advice. Although cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with cof t blocking agents to consult physician at first 
„sign or symptom of impending failure 

Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. When treating patients with 
unb plus a catecholamine-depleting agent, carefully observe for evidence of hypoten- 

sion and/or excessive bradycardia which may produce vertigo, syncope, or postural 


hypotension. 
Impairment of Fertility — In 1 to 2 years’ oral 


 toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 


fetotcxicity was found in rabbits (but not ib rats or hamsters) at doses 5 to 10 times 
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greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Mos: adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. A 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually 
of the Raynaud x ER, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm/conduction disturbances have each occurred in about 1 of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of beta-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in 1 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with 
practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be considered 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres- 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- . 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. 
Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In deter- 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

— Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice. ) 

Bronchospasm — Administer a beta;-stimulating agent and/or a theophylline 
derivative. 


DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to 16 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually over a 
period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert 
for dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol 

tablet in bottles of 100 and 1000 tablets and in Unimatic® unit-dose packs of | tablets. 
The 40 mg and 80 mg tablets are also available in convenience packages containing 

4 blister cards of 7 tablets each. 
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Plug New Diagnostic Value Into Your ATL System. — 





Franklin's new digital scan converter gives automatically appears on the screen in 
your ATL system state-of-the-art imaging composite video. 
and quantitation for a fraction of a new With the alphanumeric keyboard, enter four 


lines of patient information. Then 
offline, use the automatic frame 
counter to quickly recall specific 
cardiac events. 


system's price. 


Franklin, designer and manufactur- 
er of ATL's original Mark Series 315 
scan converter, introduces the new 
DCQ-64 as a pluggable replacement. Franklin—a pioneer in 
ultrasound. 

Franklin is one of the originators 
of digital scan conversion techno- 
logy for ultrasound. We now 
have more M-mode converters in 
cardiac care than any other man- 
ufacturer. Let us add state-of- 


64 levels of greyscale reveal 
subtle tissue characteristics in 
every M-mode study. 

More levels of grey and a higher- 
resolution 480x640 pixel matrix 
create clearer, sharper images of 


cardiac structures. Adjust the loga- 


thm; t a the-art diagnostics to your present 
prc corps TOO Due me ATL system for a fraction of the price of a 
image for high or low amplitude signals. 


The DCQ-64 also displays both A-mode and EA ita FRANKLIN 
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TGC in vertical format to allow fast, direct cm xinh dbi mint mius deis gi ih a: am CoD ades Lo LE RN 
visual correlation with M-mode. Write or call Franklin 
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Automatic quantitation and alphanumerics i sea Hus pa rere 


aid analysis online and off. R | | 
[] | would like to see actual M-mode studies 
Now you can easily make accurate measure- | ^ and a demonstration of the DCQ-64. 


ments as you test. With a precision joystick, | O Please send me more information about the DCQ-64. 
quickly position electronic calipers on the CMM 
display to measure distance and slope. A digi- — | Address: TAN 


tal readout of M-mode and 2D quantitations Pe eva State: Zip: 
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The best of aspirin is Ascriptin® 


Indications: For reducing the risk of recurrent transient ischemic 
attacks (TIA's)or stroke in men who have had transient ischemia of the 
brain due to fibrin platelet emboli. There is inadequate evidence that 
aspirin or buffered aspirin is effective in reducing TIA's in women at the 
recommended dosage. There is no evidence that aspirin or buffered 
aspirin is of benefit in the treatment of completed strokes in men or 
women. 

Precautions: (1) Patients presenting with signs and symptoms of TIA's 
should have a complete medical and neurologic evaluation. Considera- 
tion should be given to other disorders which resemble TIA’s. (2) Atten- 
tion should be given to risk factors: it is important to evaluate and treat, 
if appropriate, other diseases associated with TIA's and stroke such as 





R 


hypertension and diabetes. (3) Concurrent administration of absorbable 
antacids at therapeutic doses may increase the clearance oí salicylates 
in some individuals. The concurrent administration of nonabsorbable 
antacids may alter the rate of absorption of aspirin, thereby resulting 
in a decreased acetylsalicylic acid/salicylate ratio in plasma. The clinical 
significance on TIA's of these decreases in available aspirin is unknown. 
Dosage: 1300 mg a day, in divided doses of 650 mg twice a day or325 . 
mg four times a day. 


WILLIAM H. RORER, INC. 


Fort Washington, PA 19034 
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The phase image is a computer-derived functional image, based on the 
analysis of the time versus radioactivity curve in each pixel location of 
the multiple gated blood pool scintigram. Within the ventricular regions 
of interest, the phase angle is roughly equivalent to the time of onset of 
counts reduction or to the time of onset of ventricular contraction and is 
expressed in degrees from 0 to 360°. A gray scale-coded image of such 
a regional phase angle, the phase image, can be looked on as a map of 


sequential contraction. This method was applied in 33 patients without - 


severe contraction abnormality including 16 patients with normal con- 
duction, 9 with right bundle branch block and 8 with left bundle branch 
block. In patients with normal conduction the pattern of phase angle 
distribution, representing the pattern of ventricular contraction, was ho- 
mogeneous and symmetric in both the left and right ventricles. Analysis 
in this normal group indicated a slight but significant difference between 
the mean (+ standard deviation) phase angle of the left ventricle (8.5 + 
11.8?) and that of the right ventricle (13.6 + 12.9^, p = 0.01). There was 
a slight, but nonsignificant difference between mean intrapatient left and 
right ventricular phase angle onset (1.9 + 6.5°). 


The mean phase angle of the right ventricle in patients with right bundle — 
branch block (27.6 + 14.2?) and of the left ventricle in those with left — 
bundle branch block (21.9 + 14.0?) was delayed compared with that in. — 
patients with normal conduction (p «0.05 for both). The mean intrapatient — 


difference between left and right ventricular mean phase angles in patients 
with normal conduction (—5.2 + 6.8°) was significantly different from 
that in patients with right (—21.8 + 10.3?, p <0.001) or left (21.8 + 6.8^, 
p <0.001) bundle branch block. The mean intrapatient difference between 
onset of left and right ventricular phase angles was also significantly 
different from normal in patients with right (— 10.6 + 7.5^, p <0.005) or 
left (18.7 + 8.3°, p = 0.01) bundle branch block. 

Although phase imaging is not without artifactual error, this study 
demonstrates that the phase image can characterize familiar conduction 
abnormalities. It presents the potential for application as a general non- 
invasive tool in the investigation of the timing and sequence of ventricular 
contraction in patients with normal or abnormal ventricular activation. 


Equilibrium multiple gated blood pool scintigraphy has become firmly - 


established as a useful noninvasive method of assessing ventricular size, 
wall motion and function.'? The manipulation of such images with the 


digital computer has led to the extraction of additional data and the 


development of various functional images.^* Among these is the phase 
image,” a computer-derived functional image assembled from an analysis 
of the time versus radioactivity curve in each pixel location of the blood 


pool scintigram. Here, each curve is fitted by its first harmonic Fourier - 


transform, equivalent to a symmetric cosine curve. Such a curve 


undergoes one complete sequence during each cardiac cycle from the 
onset of the electrocardiographic R wave, or 0°, to the following R wave - 


or 360°. If ventricular contraction began immediately with the electro- 
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cardiographie R wave and the ventricular time versus 
radioactivity curve was absolutely symmetrical, it would 
mirror à cosine curve that began at the beginning of the 
cardiac cycle—the electrocardiographic R wave, des- 
ignated as 0?—and ended with the following R wave at 


. 360°. The peak of such a curve would occur at 0° with 


.a nadir at 180° (Fig. 1). However, owing to a finite delay 
related to the electrical conduction and a period of 


isovolumetric contraction, neither global nor regional 


ventricular contraction begin exactly with the R wave. 


owe 


Asa result, the peak of the true time versus radioactivity 
curve and that of the fitted curve are displaced. Because 


it remains symmetric with the periodicity of a cosine 


curve, regardless of its time of onset, the fitted curve, 
unlike the asymmetric raw time versus radioactivity 


curve, can be characterized by its amplitude or height 
and a single number representing the angular location, 
of its time of onset in the cardiac cycle. 


This numerical angular designation is called the 


phase angle and may be thought to correspond to the 


- time of loss of regional counts. With reference to the 


ventricles, the phase angle corresponds to the onset of 
contraction, and is expressed in degrees following the 


0 180 360 
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FIGURE 1. Phase image analysis: ''best septal" projection. Diagram- 


matic representation of the right and left ventricles and the great ves- 


sels. The left ventricle has been divided into four regions and charac- 
terized by varying timing of contraction onset and phase angle. Each 


region has been gray scale-coded according to the time of contraction 
onset and phase angle, where pixels in the darkest region near the 
septum begin contraction at the electrocardiographic R wave gating 


signal with a phase angle of 0°. Contiguous segments with progressively 


lighter gray shades are related to progressively delayed contraction, 
conduction and more delayed phase angles. Moving from the septum 
left toward the lateral wall, pixels in progressive segments demonstrate 
contraction onset one-eighth, one-quarter and one-half of the way 
through the cardiac cycle with related phase angles of 45°, 90? and 


180?. Below the cardiac diagram are the first harmonic Fourier trans- 
forms related to each of the ventricular contraction segments. Each 
curve is gray scale-coded as is its related ventricular region. From left 
to right, the curves demonstrate a 0? phase angle, with curve onset at 
the R wave gating signal, a 45? phase angle, with contraction onset 


one-eighth through the cardiac cycle, a 90° phase angle with con- 


traction onset one-quarter of the way through the cardiac cycle and a 
180? phase angle with contraction onset half way through the cardiac 
cycle. 


electrocardiographic R wave, taken as 0°. In this way 
a pixel location with fitted curve peak one-eighth 
through the cardiac cycle would have a designated phase 
angle of 45? while a region with its fitted curve pe&k 
one-quarter of the way through the cardiac cycle would 
have a designated phase angle of 90? (Fig. 1 and 2). Each 
pixel so characterized can be gray scale-coded with 
reference to phase angle to present a functional image 
of such data, the phase image. Phase analysis may be 
roughly interpreted to demonstrate the pattern of 
ventricular contraction, but is importantly influenced 
by both the temporal sequence and the magnitude of 
such motion. To the extent that contraction follows 
conduction, the gray scale-coded display of phase angle 
appears to portray quite faithfully the pattern of in- 
terventricular and intraventricular conduction in the 
absence of marked contraction abnormalities. 

We sought to assess the ability of this functional 
scintigraphic method to discriminate among and 
characterize various abnormalities of interventricular 
and intraventricular conduction. For this purpose phase 
mages of patients with normal conduction and con- 
traction were compared with those of patients with 
complete right bundle branch block and complete left 
bundle branch block without marked contraction ab- 
normalities. 


Methods 


Study patients: Phase image analysis was performed in two 
series of consecutive patients in whom blood pool scintigraphy 
was required clinically for the noninvasive assessment of 
ventricular size and function. The first group consisted of 16 
patients with normal segmental wall motion of both ventricles 
and a normal 12 lead electrocardiogram. The second series of 
patients had normal or mildly reduced wall motion and elec- 
trocardiographic evidence of right bundle branch block (nine 
patients) or left bundle branch block (eight patients).7? All 
33 patients had sinus rhythm at the time of the study. A 12 
lead electrocardiogram was obtained on the day of the test; 
during the study the six standard limb leads and a modified 
V5 precordial lead were monitored. All studies were obtained 
at rest. A single patient had a resting sinus tachycardia. 


Phase Image Analysis 


Gated blood pool scintigraphy: Phase image analysis was 
performed on equilibrium multiple gated blood pool scinti- 
grams acquired on a Searle Pho Gamma V scintillation camera 
(Searle Corporation, Des Plaines, Illinois, now a Division of 
Siemens Incorporated) using a linear all purpose 20? slant hole 
collimator and processed on a PDP 11/40 minicomputer 
(Digital Equipment Corporation, Maynard, Massachussetts). 
Resting scintigrams were acquired to 6.0 million counts ini- 
tially in the 30? right anterior oblique and later in the anterior 
projection, and in the "best septal" left anterior oblique pro- 
jection. The latter “best septal" projection was performed with 
a 15? caudal tilt to diminish overlap of cardiac structures, and 
was chosen from several ungated screening left anterior 
oblique images as the projection that best separated the 
ventricles. According to the standard methodology, red blood 
cells were labeled in vivo using a 20 millicurie (mCi) intra- 
venous dose of technetium-99m pertechnetate administered 
30 minutes after the intravenous administration of 5 mg of 
unlabeled stannous pyrophosphate. In each patient, blood 
pool data were acquired in 28 frames, temporally distributed 


















































tE 2. Curve fit. Superimposed on the raw time versus 
jactivity curve obtained from a single pixel location in 
ne left ventricular region of interest of a multiple gated blood 

ol scintigram (shown in white) is the fitted first Fourier 
harmonic transform (shown in black). The phase angle 
i; “marked | in the diagram relates to the point where the curve 
begins to lose amplitude or when the ventricle begins to lose 

counts, the onset of contraction. The amplitude of the curve 

is another variable that helps to characterize it. Curve am- 
: plitude is measured at the phase angle. Its magnitude is 
- generally related to the stroke volume but, unlike that vari- 
d able; does not consider sign. 









A the electrocardiographic R-R interval in a 64 by 64 
- matrix, interpolated to a 128 by 128 format and viewed on a 
high quality De Anza (De Anza Incorporated, Burlingame, 
— California) display using 256 gray shades. 
.. Analysis of regional wall motion: Left ventricular wall 
motion was objectively assessed, without knowledge of patient 
data, from the blood pool images, uncorrected for cardiac 
-motion in the two projections. Regional wall motion was as- 
“sessed in a semiquantitative manner from outlines generated 
- on smoothed background-subtracted stationary images of the 
. end-diastolic and end-systolic frames with constant access to 
the 28 frame movie and with reference to a display of alter- 
^nating end-diastolic and end-systolic frames. Anterior, apical 
-and inferior segments in the right anterior oblique or anterior 
projections, and septal, lateral and apical segments in the left 
anterior oblique projection were evaluated as normal, hypo- 
kinetic (demonstrating reduced motion), akinetic (with ab- 
sence of motion) or dyskinetic (demonstrating paradoxical 
outward expansion during systole). 
x: Hypokinetic regions were assessed on the basis of our prior 
evaluation of multiple gated blood pool scintigrams performed 
in normal subjects. Normal motion for anterior, inferior and 
septal segments of the left ventricle represented a systolic 
inward movement of at least 20 percent, and for lateral seg- 
- ments 30 percent of the distance toward the major axis drawn 
from the midaortic valve to the apex. Normal apical motion 
l 'epresented a systolic excursion of at least 20 percent along 
the major axis toward the base. Additionally right ventricular 
. wall motion was assessed as a single segment from the systolic 
< motion of this chamber evaluated in the “best septal" left 
anterior oblique view. This method has previously been doc- 
-umented to show excellent correlation with wall motion sim- 
-ilarly assessed on selective left ventriculography with 88 
percent agreement among the cases studied.?J? Patient 
























itudies by this method in normal subjects revealed totally 
Yormal segmental wall motion. Because mild hypokinesia has 
previously been shown to exert little influence on phase 
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Images that demonstrated akinetic or dyskinetic segments or 
severely hypokinetic segments of less than 10 percent inward 
motion were not included in this analysis. 

Phase image analysis and display: In each study phase 
image analysis was performed using the fundamental Fourier 
harmonic to fit a cosine curve to the volume curve of each pix 
through the first 25 frames of the blood pool study. The last 
three frames were not fitted owing to their generally reduced 
data content relating to the normal variation of the electro- 
cardiographic R-R interval (Fig. 1 and 2). Because the fitted 
curve is symmetric, frame length was adjusted to equalize the 
time from frame 1 to left ventricular end-systole and from left 
ventricular end-systole to frame 25 in order to permit the best 
curve fit. 

The phase image was displayed and analyzed in two step 
First, each pixel of an image composed of data from all in- 
cluded frames in each projection was coded in shades of pray 
to demonstrate its phase angle or the degree of pha 
(upper left panels, Fig. 3 to 5). In this image, 
demonstrated simultaneous contraction, or re 
counts, were represented by the same gray shade. li 
fitted volume curve was assessed at t each location 


wave ists at 0; un hte skades y W 
pixels where the fitted curve demonstrated increasir 
layed phase angle, or onset of contraction later than 0 
cause previous experience has shown that imperfect 
fitting methods may result in normal ventricular phase 
of less than 0°, the gray scale was rotated throug » 
radians) to prevent a black-white interface in ar 
normal ventricular region of interest. Atrial r 
actually filled when normal ventricular contracti 
appeared in light shades at approximately 180° 
delay. Uncoordinated contraction or randoi 
seen in regions of background appeared as : 
distribution of varying gray shades. This c 
reviewed to provide an overview of phase re 
ration for the quantitative assessment that 

Next,a phase histogram of each ventri 
from. data obtained in the "best sep 
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. FIGURE 3. Phase image: normal conduction. Upper panels, sequential phase images performed in the "best septal" left anterior oblique projection - 
. in a patient with normal conduction and contraction. In the far left frame the left ventricular (arrow 1) and sight ventricular (arrow 2) region of interest. 
. ere outlined. Phase angle is indicated by the gray scale in which increasingly lighter shades represent increasing phase angle. In this normal patient. 

_ both ventricles appear homogeneous in dark gray. Slightly darker shades in the septal and apical regions indicate areas of earliest phase angle. 
e The left atrium (arrow 3) and right atrium appear in light shades while the background has random phase variation and appears ín a salt.and pepper 
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npling window. Those locations within the respective ventricular 


_ in the two ventricles. 


and outlined on the composite phase image guided by the 
_ end-diastolic and end-systolic blood pool images. Phase his- 
- tograms were constructed from these regions, relating phase 
| angle on the abscissa to the number of pixels at any given 
| phase angle on the ordinate. From these histograms the 
. computer program calculated the mean phase angle and 
_ standard deviation of each ventricle. Movable cursors placed 
on this histogram were then used to designate any selected 
- range of phase angle as small as 2.8°. Pixels with phase angles 
in the designated range were gray scale-coded white without 
_ changing the gray scale in other elements on the original phase 
"image. Such white areas indicated regions of the image with 
phase angle and contraction onset in this interval. By a se- 
_ lective, serial, progressive movement of the cursors along the 
_ histogram, the progression of phase angle and of ventricular 





distribution. Lower panels, sequentia! ventricular phase histograms f 


rib ' or the left ventricle (white) and rigkt ventricle (black). in this normal patient, 
istograms are nearly coincident, with right ventricular narrowly preceding left ventricular. Cursors superimposed on the histograms indicate the . 
ampi | regions of interest that demonstrate a phase angle between the associated 
Cursors appear white on subsequent images. Here, the septum appears to be the earliest site of phase change with succeeding synchronous change 


contraction sites was observed. This analytic display capa- 
bility was used to refine the documentation of the region of 
earliest and latest phase angle and the direction of spread of 
phase angle in each ventricle. In each study, earliest and latest 
regions of left ventricular and right ventricular phase angle 
were those that appeared first and last as the movable cursors 
were advanced across the phase range in 2.8° increments. For 
this purpose, the left ventricular area of the phase image was 
subdivided into basal, pesterolateral, inferoapical, proximal . 
septal and distal septal regions and the right ventricular area. 
into outflow tract, basal, inferoapical, proximal septal and - 
distal septal regions (Fig. 6). 

This sequential phase progression was also displayed in 
a dynamic 16 frame movie version of the gray scale-caded 
image. Here again sequential frames, each representing an 


lar phase histograms from 
















































a hen in the right ventricle. Numerical designations as in Figure 3. 







: qual range of phase angle, were coded white in regions with 
_ phase angle and onset of ventricular contraction occurring 
-within that range. The dynamic display permitted an appre- 
ciation of the gross phase relations and sequential contraction 
_ pattern, but was not used in the quantitative aspects of phase 
analysis. In each display mode, phase changes in solitary 
pixels, or isolated phase changes in pixels that showed no 
 contiguity to subsequent phase changes were considered noise, 
_ and were not evaluated. 
_ Statistical analysis: Application of D'Agostino's D for 
- normality test rejected a normal distribution of the data where 
-patient groups were large enough to be tested. For this reason, 
: and because nonparametric statistical methods provide a more 
conservative analysis, all results were analyzed using non- 
parametric statistical methods. Within each group of patients, 
“the phase histogram was used to calculate the mean phase 
-angle and its standard deviation, taken as a measure of phase 
dispersion, within left and right ventricular regions of interest. 
The intrapatient differences between mean left and right 
ventricular phase angles and between differences of the initial 
¿phase angle of the left and right ventricles, derived from the 
_ phase histogram display, were also calculated. 
-« To determine whether phase angle differences among 
groups related to differences in wall motion, the phase data 
“of patients with right or left bundle branch block with hypo- 
kinesia were compared with those of patients with right or left 
: bundle branch block and normal wall motion using the 
‘Mann-Whitney U test. Phase data from left and right ven- 
- tricular regions of interest in the same patient were compared 
using the Wilcoxon paired sample test. Such intrapatient 
_ phase differences and mean left and right ventricular phase 
angles and their standard deviations were compared among 
-patient groups with normal conduction or right or left bundle 
-branch block using the Kruskal-Wallis test. Where statisti- 
- cally significant differences of a probability (p) value of less 
han 0.05 were detected, the differing groups were identified 
ising the Mann-Whitney U test with significance of proba- 
ity levels adjusted according to the Bonferoni inequality. 
pressing results, mean values are foliowed, where ap- 
2 m their standard deviation. 




















d FIGURE 5. Phase image: left bundle branch block. Sequential phase images and the associated ventricular EN histograms f fomi a a patient w 7 

left bundle branch block (shown in the same format as in Fig. 4). In contrast to the pattern in patients with normal conduction, the left ventricu 
-region of interest is represented by a lighter gray shade than that of the right ventricular region. The left ventricular phase histogram (white) h 
:-a later onset and peak than that of the right ventricle (black). The highlighted sequence of phase change is correspondingly later in the left ven 


These included 16 patients with normal acintigtap l 
wall motion and a normal electrocardiogram, (11 m 
and 5 women with a mean age of 44.4 years); 9 patien 
with normal or mildly hypokinetic scintigraphic lef 
ventricular wall motion and right bundle branch block | 
(5 men and 4 women with a mean age of 64.4 years) and - 
8 patients with similar scintigraphic findings and le 
bundle branch block (4 men and 4 women with a me 
age of 64.9 years). The mean heart rate was 65.9 peni 
min (range 42 to 122) for all patients. 
Normal group: In the 16 patients with a norma 
blood pool scintigram and a normal electrocardiogram 
the phase image revealed a homogeneous ventriculi 
pattern of dark gray shade without regions of gros: 
phase delay but with a small, significant difference it 
mean (+ standard deviation) phase angle of the left 
ventricle (8.5 + 11.8?) compared with that of the righ 
ventricle (13.6 + 12.9°, p = 0.01) (Fig. 3, 7 and i The 
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itricutar ohako arigle: RV = = mean right ventricular phase angle; SD = = standard deviations gu = ‘Standard deviat £ 
SRV@ = standard deviation of right ventricular phase; AS(LV-RV) = difference between standard deviations of left and 
3; AGILV-RY) = ‘difference between left and right ventricular mean phase angles; A onset = difference’ in phase onset between 


. Patients With - | Patients With - i Patients With: 
ES Normal mE Right Bundle Branch Left deeds vat 
.. Conduction (n = 16) Á Block (= = m » dii 48) 


8.5 ko! | 5.8 

13.6 "e Ut. 22765 —— " 
5.2 (p = NS) . «i < —21 8(p = = 0:005)? us 

oF NS) |. | ae = 0.005) 
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! i véni iouar ice pales qu. and RVA, respectively) i in pa- 
ts with right bundle branch block (RBBB) normal conduction and left 
e branch block (LBBB). 


e histogram of each ventricle approximated a 
arrow Gaussian distribution with the earliest onset of 
contraction occurring almost simultaneously. Although 
he phase angle of the right ventricle was frequently 
arlier than that of the left ventricle, the mean intra- 
atient difference between the onset of left and right 
paibicular ied was only 1.9 + 6.5? (NS) (Fig. 9). 
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p< 9.001 
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with late onc occurring at tthe i in 
tients), p ien r p ; 


basal (8 patients) and inferoapical qe 

Spread of phase change was generally in a s! 

direction, with the latest phase change oct 

outflow tract (10 patients) and base (9 pat 

rarely in the inferoapical region (3 patients). 

standard deviation of left ventricular phase wi 

10.05, and of right ventricular phase was 29.5 4 

The difference between these values is significant 

«0.05), indicating a somewhat greater phase range 

the normal right than in the normal left ventricle. 
Patients with right bundle branch block: In these 

nine patients phase images of the ventricles again ap 
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bundle branch block; LV = left ventricle: RBBB = right bundie branch block; RV = right ventricle. 


d elatively PETTEE but those of the right 
icle were represented by a lighter gray shade and 
monstrated a later mean phase angle (27.6 + 14.2?) 
an those of the left ventricle (5.8 + 12.7°, p = 0.005) 
"ig. 7). Although the left ventricular mean phase angle 
_in patients with right bundle branch block was not ap- 
- preciably different from that in normal subjects, that 
_of the right ventricle was larger than the normal value 
- and this difference approached but did not reach sta- 
tistical significance. However, the mean intrapatient 
difference between left ventricular and right ventricular 
mean phase angles (—21.8 + 10.3?) was significantly 
different from that in normal subjects (p <0.001) (Fig. 
8). The phase histogram of the right ventricle again 
approximated a Gaussian distribution with onset now 
invariably later than that of the left ventricle. The mean 
intrapatient difference between the onset of left and 
right ventricular phases was —10.6 + 7.5°, with the onset 
of change in the right ventricle occurring significantly 
later than that in the left ventricle (p = 0.005) (Fig. 9). 
is mean intrapatient difference between the onset 
left ventricular and right ventricular phases was also 
fi "pcd different from that in normal subjects (p 


























e dete differed from those in Gra 
uI ring i ER and den Saag 















ANAM Qamnotnw 
CM at COO US ot OED 
€6oo020 ON |B 





i 14.0?) than that of the right ventricle (0.1 + 13.09, p 
= 0.01) (Fig. 7). Mean left ventricular phase angle was __ 
significantly later (p <0.05) and mean right ventricular 
phase angle significantly earlier (p <0.05) than that in 
normal subjects, and the mean intrapatient difference _ 
between left and right ventricular mean phase angles 
was 21.8 + 6.8°, a value significantly greater than that _ 
in normal subjects (p <0.001) (Fig. 8). The phase his- _ 
togram of the left ventricle again approximated a = 
Gaussian distribution with onset now invariably later 
than that of the right ventricle. The mean intrapatient | 
difference in onset of the left and right ventricular... 
phases was 18.7 + 8.3?, with the onset of phase change ` 
in the right ventricle occurring significantly earlier than — 
that seen in the left ventricle (p = 0.01). This mean in- 
trapatient difference between onset of the left and right ~ 
ventricular phases was also significantly different from 4 
that in normal subjects (p «0.001) (Fig. 9). ES 
The sequence of phase change again showed anor- - 
derly progression across both ventricles (Fig. 5). The 
earliest sites of left ventricular phase change differed 
from those of normal subjects and were located pri- - 
marily in the inferoapical (five patients) and distal _ 
septal (three patients) regions. The direction of spread. 2x1 
of phase change varied somewhat among patients, wi 
the latest phase change occurring in the posterolate 
(five patients) and distal septal regions (four patients), 
findings again quite different from those in normal 
subjects. In contrast, the pattern of right ventricular 
phase change in these patients with left bundle branc 
block was not very different from that seen in normal 
subjects, with spread of phase change again ina super- 
olateral direction (Table IIT). In left bundle branch 
block, the mean standard deviation of the left ventric- 
ular phase histogram (22.6 + 6.2?) and that of the right. 
ventricle (29.4? + 8.2?) did not differ significantly. —. 
Intrapatient differences in the three groups: The E 
mean intraj atient difference. between. left. ind right e 
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yetween the onset tof. left yel right ventricular 
jn patients with right bundle branch block also 
gnificantly from values in patients with left 
sh block (both p «0.001). Hypokinetic 
s showed no significant phase difference from 
cinetic segments, and ventricles with hypokinetic 
its showed no difference in mean phase delay 
om ventricles with normally contracting segments in 

patients with the same conduction abnormality. 





Discussion 


© The phase image? is one of several functional images 
derived from the multiple gated blood pool scinti- 
- gram.?* Introduced and developed by Adam, Geffers 
. and associates!^!4 and Verba et al.,° the method pre- 
_ sents several possibilities for the assessment of ven- 
- tricular function. Here, the first Fourier harmonic was 
. used to fit a cosine curve to the time versus radioactivity 
.. data of each pixel of the computer- -acquired blood pool 
. study. Phase image analysis using the phase histogram 
. with movable cursors and the dynamic phase movie 
. permits the scintigraphic determination of ventricular 
. mean phase and contraction sequence. In this study, 
. phase images of a group of patients with normal wall 
. motion on blood pool scintigraphy and a normal elec- 
_ trocardiogram were compared with those of patients 
-. with left or right bundle branch block without major 

contraction abnormalities. 
. Methodologic considerations: The derivation of the 
phase image is based on an imperfect estimate of the 
ventricular time versus radioactivity curve. Errors in the 
< method likely result from problems of curve fitting, 
< overlapping structures, cardiac motion and other causes. 
<: The current method fits an asymmetric time versus 
_ radioactivity curve with a symmetric cosine curve (Fig. 
-. 2). To reduce this error in curve fit, we first altered the 
raw data, expressing the time versus radioactivity curve 
- as a symmetric function. This method was first tested 
_ ina large group of normal subjects with widely varying 
— heart rates, where variations in the relative duration of 
: systole are significant. Phase analysis demonstrated 
- wide changes in phase angle, presenting unreasonable 
and nonphysiologic delay at higher heart rates owing 
. simply to the increase in relative duration of systole. 
:.. When frame length was first altered to provide equal 
- systolic and diastolic intervals and then fit with the 
— fundamental Fourier harmonic, heart rate changes 
. brought only small variation in phase angle or con- 
. traction onset, as would be expected from physiologic 

considerations. Difficulties related to the curve fit as 
vell. as those caused by the mildly varying heart rate 

rved were likely: mi inimized by the initial altera- 





























"functional variables, the methc 0 


; adioactivity c curve employed par 
2T aue See, 300 pr fit methodo such parion o of ventr icul 


from iher raw (tine v versus adonat ivit 
this can probably be done, it would rec 
opment of special computer software and wo 
difficult owing to the lack of temporal resolu 
statistical variation intrinsic to the location ol 
point in the time versus radioactivity curve gi 
from the standard multiple gated blood pool te 
The phase image gains significant statistical stab 
by utilizing the data presented. by all points of the t 
versus radioactivity curve to locate the single point, 
phase angle, that characterizes the fitted curve. Furt 
the fitted curve may be assessed at temporal intervals 
shorter than those of the acquisition frame duratic 
providing improved temporal resolution and permitting 
more refined definition of the sequence of ventricul 
contraction. 
Although the fitted curve could theoretically he use 

to locate the timing of end-systole, the duration o, 
systole and other variables, the distorted symmetri 
nature of the curve prevents such application. Suct 
curve distortion is also evident in the negative phas: 
angles generated, a function of the curve-fitting proces: 
that permits assessment of only relative sequential | 
contraction changes and not the absolute timing of 
contraction. An exact fit of the raw time versus radio- _ 
activity curve, as may be available with multiple Fourier 
transforms or other curve-fitting methods, may provid 
the opportunity to measure a host of funct ional vari 
ables while more exactly characterizing the time of onse 
of ventricular contraction approximated in the phas 
angle. ^ 
Comparison with other methods: Other werkete 
have developed a variety of functional images primarih 
designed to assess aspects of ventricular function 
Among these, the ejection fraction image and the strok 
volume image’ and color coded regional ejection fraction 
and stroke volume are assessed from data in the end 
diastolic and end-systolic frames of the multiple g 
blood pool scintigram. However, none of these variab 
provide information that can be used to assess. 
quential contraction and conduction sequence 
cently, Holman et al.!® presented an analysis o 
left ventricular emptying and filling phase: 
cluding regional ejection fraction, first thi 
fraction, time to end-systole, regional eje eti 
at the time of global end-systole and an ass 
early diastolic relaxation. Like the phase a 
indexes demonstrate’ changes with varying co 
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d in a simple manner and applied 
1, can well characterize intraven- 
terventricular conduction abnormalities. 
age characterizes sequential contraction 
e method appears well able to characterize 
1 abnormalities in the absence of significant 
raction abnormalities, owing to the fact that con- 
Lion generally follows conduction.!” In cases where 
is not true; phase imaging would be of little value 
descriptor of electrical conduction, another po- 
ential handicap of the method. 
Underestimation of right ventricular angle in 
bundle branch block: In seven of eight patients 
vith left bundle branch block, the right ventricular 
aean phase angle was less than 0°. This low value was 
robably related in part to the curve-fitting technique, 
vhich is based on the framing of global left ventricular 
_end-systole. The method of curve fit may have blunted 
the apparent delay in left ventricular mean phase angle 
"Where right ventricular phase angle is obtained in ref- 
erence to that of left ventricle. This distortion would not 
influence the intrapatient interventricular phase angle 
difference in left bundle branch block, but would lead 
to an underestimate of absolute left and right ventric- 
ular mean phase angles. In addition to reducing the 
right ventricular mean phase angle in left bundle branch 
block, such circumstances would also lead to an un- 
derestimation of the left ventricular phase delay in left 
‘bundle branch block. The development of more so- 
phisticated curve-fitting techniques will lead to greater 
accuracy in the determination of phase angle. Never- 
theless, the model used in this study was sufficiently 
sensitive to allow the recognition of ventricular phase 
delay in patients with bundle branch block. 
_ Role of segmental wall motion abnormalities: In 
previous work we have shown that akinetic and dyski- 
netic segments cause significant phase delay. Although 
hypokinetic segments as a group also cause phase delay 
compared with the normal value, there is much overlap. 
Because the patients with conduction abnormalities 
insidered here often have contraction abnormalities, 
sluded in this study four patients with left bundle 
vand four patients with right bundle branch 
.had mildly hypokinetic segments, but ex- 
se with akinetic, dyskinetic or severely hy- 
egments. Inclusion of hypokinetic segments 





































ion abnormalities. 





study documents that phase 


. development and a 


“normal segments in - development and. 
_ tablish its full pote 


patients studied. However, the mean standard deviation 


of right ventricular phase or the duration of right ven- ^. 


tricular activation was significantly greater than that 


for the left ventricle. Overall, these results are consistent E. 
with the known temporal relation between right and left p 


ventricular conduction and contraction.!? 3 
Right versus left bundle branch block: In patients 
with bundle branch block, significant and appropriate 


phase differences were seen between the measured . ide 
mean phase angle of the two ventricles. In right bundle. 


branch block, the mean right ventricular phase angle - 
was larger than normal, but this value was not statisti- — 
cally significant. In left bundle branch block, the mean 
left ventricular phase angle was again delayed, but sig- 
nificantly, from that in the normal group. The lack of 
statistical significance in some variables may in part be 
explained by the relatively small number of patients 
studied and the inherent errors of the method of curve 
fit. The intrapatient differences between mean left and 
mean right ventricular phase angles in right versus left 
bundle branch block were significant, appropriately 
directed and significantly different from those in the 
normal subjects. Alterations in both the mean intra- 
patient difference between the onset of left and right 
ventricular phases and the sequeritial pattern of phase 
changes were appropriately different for patients with 
right and left bundle branch block when compared with 
each other ahd with a normal patient group. Finally, the 
mean intrapatient difference between left and right 
ventricular mean phase angles was significantly dif- 
ferent between the groups with right and left bundle 
branch block. Our findings in part agree with the pre- 
liminary reports of Swiryn et al.,!? who compared pa- 
tients with normal conduction and patients with left 
bundle branch block. 

Future applications: In the cases studied, the 
method appeared able to demonstrate appropriate ab- 


normalities in the timing and sequence of ventricular 


contraction in patients with right and left bundle 
branch block. Further application of this, or similar but 
more advanced methods, may permit the important 
clinical differentiation of subgroups with distal and 
proximal bundle branch block,” aid characterization 
of conduction abnormalities, assist localization of ab- 


normal sites of ventricular activation in patients with - Nx 
Wolff-Parkinson-White syndrome or ventricular DET 
tachycardia and permit accurate measurement of a "o 
variety of functional variables. Each of these applica- — ^ 


tions could be of great clinical utility, and preliminary 
studies already indicate such noninvasive *mapping" 
may indeed be possible and accurate.2!22 Only further 
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Postextrasystolic potentiation of left ventricular function induced by 
ventricular and atrial stimulation was compared in 10 patients using ra- 
dionuclide ventriculography. After insertion of pacing wires, a preliminary. 
radionuclide ventriculogram was obtained and then ventricular and atrial. 
trigeminy was induced in random order, each with identical R-R coupling | 
intervals, each for 6 to 10 minutes. During the stimulation studies, radio- 
nuclide data were acquired in electrocardiographic gated list mode format. 
Left ventricular ejection fraction and relative end-diastolic and end-systolic 
volume changes were measured for each reformatted composite sinus, 
atrial and ventricular premature beat and potentiated beat. The volume 
changes were normalized to the count-based values obtained for the sinus 
beat of the appropriate study. Postextrasystolic potentiation induced by 
either ventricular or atrial stimulation was characterized by similar sig- 
nificant increases in left ventricular ejection fraction (mean + standard 
deviation 7 + 3 percent, p <0.01 versus 7 + 5 percent, p <0.01; difference 
not significant [NS]) and decreases in relative end-systolic volume (—12 
+ 12 percent, p «0.01 versus —12 + 8 percent, p «0.01; NS) but little . 
change in relative end-diastolic volume (+5 + 10 percent, NS versus +4 x 
t 7 percent, NS; NS). This was despite a longer compensatory pause - 
(1,120 + 220 versus 1,050 + 190 ms, p <0.01) after the ventricular | 
premature beat. it is concluded that there is no difference in the postex- 


trasystolic potentiation induced by atrial or ventricular premature stim- 
ulation. EES 


In patients with angina pectoris, myocardial asynergy may be due to` 
myocardial scarring or ischemia, or both. Those with myocardial isch- 
emia may have improved global left ventricular function and regional . 
myocardial wall motion after successful myocardial revascularization,!3 
whereas little if any improvement can be expected in those with myo 
cardial scarring. Several methods to identify preoperatively those with - 
potentially salvageable myocardial segments have been investigated, | 
including pharmacologic intervention with norepinephrine? or nitro- - 
glycerin.? However, the most useful predictor of myocardial viability . 
appears to be the change in ventricular function evoked by postex- | 
trasystolic potentiation.® | | ect 
Postextrasystolic potentiation after induction of ventricular prema- 
ture beats has been shown to be an excellent predictor of myocardia 
viability, inotropic reserve?? and morbidity and mortality after coror 
bypass graft surgery.?:? A limitation has been the need to induce: 
tricular premature beats, which have the potential for provoking + 
tained ventricular arrhythmias, especially in the : 
ischemic heart disease and impaired left ventricul 


I studies,!! atrial prema 






























































ibout to undergo diagnostic cardiac catheterization. 
found to have significant coronary artery disease, one 
myopathy and three normal left ventricular function 
al coronary arteries; all had normal sinus rhythm and 
d. a history of tachycardia or bradyarrhythmias (Table 
ach patient underwent an uncomplicated standard car- 
catheterization including measurement of left and right 
eart hemodynamics, contrast ventriculography and selective 

ronary angiography using either the Sones or Judkins 
echnique. All cardioactive drugs were continued until the 


time. of the study and each patient was appropriately 
















: Cardiac pacing: At the end of cardiac catheterization, 
rterial hemostasis was obtained and then two 4F pacing 
heters were inserted into the vein used for the right heart 
1dy. One catheter was positioned in the apex of the right 
ventricle and the other placed in a variable location in the right 
jum, the only criterion for positioning being stable capture. 

| A brief period of cardiac pacing was carried out using a Lab- 
oratory Savita model GSO orthorhythmic cardiac pacemaker 
while the patient was still in the catheter laboratory. With use 
of a programmable option, continuous ventricular and then 
ae - atrial trigeminy was induced to screen for the development 
^. of sustained cardiac arrhythmias and to confirm adequate 
|». placement of pacing wires. 

. Radionuclide ventriculography: The patients were then 
injected with stannous pyrophosphate, 25 millicuries (mCi) 
.  oftechnetium-99m pertechnetate and transferred to the nu- 
-.. elear cardiac suite. Radionuclide ventriculography was per- 
— formed using a General Electric gamma camera with the pa- 
- tient supine under a small field of view (20 cm). Imaging data 
-| were collected in a modified left anterior oblique projection 
2 to allow optimal separation of the right and left ventricular 
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Ventricular. trigeminy _ 


>p <0. 91i when compared with equiva : 
data. 






blood pools. Data were acquired on.a Med 
computer with a 20 megabyte multiplattet 

A baseline 16 frame 64 by 64 matrix equili 
pool scan was collected followed by two 
gated list mode studies. Each of the latter : 
at a frame rate of 1 ms, lasted 6 to 10 minutes 
rated by a 15 minute rest period. For 1 minute 
the duration of each acquisition, the patient | 
tricular or atrial trigeminy induced by the progra 
pacemaker, the order being randomized to eliminate 
sidual effects of cardiac catheterization on the result of thi 
study. The R-R coupling intervals of the atrial and ventri al 
premature beats were kept constant for each individual p 
tient to exclude their possible effect on the subsequent p 
tentiation. Each radionuclide study began more than 1 ho 
after the last contrast injection and took less than 1 hour. A 
the end, the pacing wires were removed and hemostasis: was 
achieved by compression bandages. No complications | wert 
caused by the procedure in any of the 10 patients studied. : 

Radionuclide analysis: Using the A” software suppo 
program, an R-R histogram was generated from the electro 
cardiographic gated list mode study. From this, it was usuall 
possible to identify three separate clusters of cardiac cycle : 
The cluster with the shortest R-R interval represented thi 
cardiac cycle of the interrupted sinus beat, that with the ne 
shortest interval represented the cycle during the poste 
trasystolic potentiated beat and that with the longest interve 
represented the cycle during the atrial or ventricular prema 
ture beat (Fig. 1). By ee flagging time windows a 
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an nsufficient compensatory pause 

re beat to allow its separation from the 
beat. In these studies, the R-R histo- 

/o distinct clusters of cardiac cycles. The 
th ee sinus beat, the second a 


oiie by using a software option to flag a 

rporating the second cluster of cardiac cy- 

“the paired beats that fell within this R-R 

ected and the second was accepted. Because 

ted beat always followed the atrial premature 

accepted beat always represented the postex- 

po entiated cardiac cycle. The atrial premature 

arated in a different manner. Because this beat 

ays followed the sinus beat by a fixed coupling interval, it 

ossible to reformat a study containing both beats by 

cting the R-R window of the interrupted sinus beat and 

en choosing an appropriate time/frame and number of 

rames to encompass the span of both these beats. Once this 

was reformatted, the atrial premature beat could then 
isolated for independent assessment. 

Identification of all the studies was then removed and the 

der of the composite cardiac cycles was randomized before 

he analysis of several indexes of left ventricular function. 

"hey were then analyzed by observers unaware of the study 

umber and sequence. Left ventricular ejection fraction was 

alculated using a previously validated semiautomatic method 

Ycorporating a second derivative edge algorithm and variable 

egions of interest. !? 

Analysis of volume changes: The relative end-diastolic 

and end-svstolic volume changes within and betweeen the two 

timulation studies and the preliminary study were obtained 

sing the method described by Ritchie et al. Briefly, to 

ompare the volume changes within each stimulation study, 

ackground-corrected counts contained within the end- 

and es regions of interest were obtained 


f cadi diac i odes contained in each study and then 

i a percent of the values obtained from the ap- 
te sinus beat. No correction for the decay of techne- 
ep is ise within such a stimulation study be- 


DOE occurring between the preliminary 
ulation studies were obtained in a similar 
kground-corrected counts contained within 
' and end-systolic regions of interest of the 
; atrial and ventricular premature and po- 
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© B614 . 54t14 
97 + 12 100 
94 + 10 100 


xpressed as mean + standard deviation. 


Ejection fraction Wee 
Rel. EDV 965 


41+ 15: 
85 + 10! 
110 + 18 


61+ 15! 
105 + 10 
88 Ł 12? 


compared with ventricular premature beats. * p <0.05 and t p «0.01 compared with the sinus beat of the ous ar pr 
mes are expressed as a percent of the end-diastolic or end-systolic volumes of the sinus beat from the ventricular stim : 
| tastolic: volume; ESV = end-systolic volume; Rel. = relative; other abbreviations as in Table Il. La 


ja are expressed as mean + 1 standard deviation unless 
- otherwise indicated. For the two paired sets of data, the means 
X 1 standard deviation of the signed differences are pre- 
sented. 


Results 


Mean heart rate, coupling interval and com- 
paisatory pause for atrial and ventricular stimu- 
tion (Table I): The intrinsic heart rate for the tri- 
geminal rhythm complex was taken to be the R-R in- 
_ terval of the potentiated beat. As expected, there was 
no significant difference between the coupling intervals 
_ of ventricular (600 + 91 ms) and atrial premature beats 
|. (895 4+ 91 ms), and there was a significantly longer 
compensatory pause after the ventricular premature 
beat (1,120 + 220 versus 1,050 + 190 ms, p <0.01). 
_ However, the intrinsic cycle length of the ventricular 
trigeminal rhythm (850 + 160 ms) was significantly 
_ shorter than that of the preliminary study (890 + 160 
-. ms, p <0.01) and the atrial stimulation study (900 + 170 
- ims, p <0.01); the same trend was evident in all 10 pa- 

tients. There was no significant difference (p >0.1) be- 
<= tween the intrinsic heart rates of the atrial stimulation 
= and preliminary studies. 

Left ventricular ejection fraction and volumes 
(Table H): Left ventricular function as measured by 
left ventricular ejection fraction was more seriously 
ompromised during the ventricular premature beat 
+17 percent) than during the atrial premature 
jeat (—7 + 2 percent) in eight of nine patients* (p 
:220:01). When compared with values of the appropriate 
` sinus beat, the changes in relative end-diastolic volume 
were almost identical for the ventricular premature 
-15 + 10 percent) and the atrial premature (—13 + 9 
percent) beats, but there was a greater residual end- 
* systolic volume for the ventricular (10 + 18 percent) 
-than for the atrial (3 + 9 percent) premature beat. 
-. However, this difference did not reach statistical sig- 
nificance. 

The mean changes in all left ventricular variables for 
the postextrasystolic potentiation beat were very similar 
for the ventricular and atrial stimulation studies. The 
i Suc in left ventrict lar ejection fraction was 7 + 3 
is 7 + ercen e i in ju dud diastolic 






















atrial and ventricular premature stimulation W 
+ 2.4 (r = 0.91) for left ventricular ejection fra 
+ 10 percent for relative end-diastolic volume c 
and —0.1 + 10 percent for relative end- systolic volui 
changes. 

Although there was a small increase in end diit i 
volume during the potentiated beat of the atrial tri 
geminal study (+4 + 7 percent) and ventricular tri 
geminal study (+5 + 10 percent), neither increas 
reached statistical significance. However, the change 
in end-systolic volume were highly significant for both 
atrial trigeminy (—12 + 8 percent, p <0.01) and ventric- 
ular trigeminy (—12 + 12 percent, p <0.01), occurring 
in 9 of the 10 patients in both stimulation studies. = 

Relative volume changes for each study: By cor- - 
recting for the decay of technetium-99m, it was possible — 
to compare the relative volume changes of each study - 
in each individual patient. The values of the normalized. 
volume changes! for the study are summarized in Table 
HI and Figure 2. There was a small but insignificant 
difference in left ventricular ejection fraction and - 
end-diastolic volume of the sinus beat of the ventricular _ 
stimulation study when these variables were compared _ 
with those obtained from the sinus beats of either the 
preliminary or the atrial stimulation study. The values 
for left ventricular ejection fraction and end-diasto 
volume of the latter two studies were essentially 
same. However, the relative end-systolic volume ©: 
sinus beat of the atrial stimulation (93 + 7 percent. 
the preliminary study (94 + 10 percent) appeared 
smaller than the corresponding variable (100 pere 
for the ventricular stimulation study, with tl 
reaching statistical significance (p <0.05) and. 
just failing to do so (0.1 > p 0 20.05). No ot he 
cally significant differences between the two stimi 
studies were found. puc 

'To deterrhine whether there was any reduction $ 
postextrasystolic potentiation with time, changes 1 
ventricular ejection fraction during the first stim 
study (7.3 + 4 percent) were compared with - 
changes during the second stimulation stady (+6 
4 percent). These were me same daa : 
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r ether an atrial or a ventricular premature beat 
ien the coupling interval of the premature beat was 
pt identical. This occurred despite the longer com- 
nsatory pause and the gfeater end-systolic volume at 
end of the ventricular premature beat, thus Sup- 
ig tl e concept that postextrasystolic potentiation 
‘all or none" phenomenon.!6 
but insignificant i increase in end-diastolic 
dh ighly significant decrease in end-systolic 
ed by the postextrasystolic potentiation 
re in agreement with findings in most 
ntrast ventriculographic studies!7-19 and 
contention that the Starling mechanism 
small role in the postextrasystolic poten- 
nse.. iens 
radionuclide ventriculography: This study 
ied using radionuclide ventriculography in 
.to contrast ventriculography because of the 
rolling the R-R coupling intervals, the lack 
ously induced ectopic activity and the lack 
al depression that is usually induced by the 
rials. The ability of postextrasystolic 
ferentiate between viable but isch- 
‘scarred 1 regions of the impaired 
he assessment t of regional as well 






















: mportan part of 


FIGURE 2. beh an in left ventricular a 





oni statistical desno bstiean each 
study was the greater reduction in 
ejection fraction due to the ventricular . 
premature beat (VPB) as compared 
with the atrial premature beat (APB) (f p 
<0.01) and the. larger end-systolic 
volume of the sinus beat of the ven- 


Lt | tricular stimulation study reaching sta- - 
Sinus APB PESP tistical significance (p <0.05) vores: P 
ATRIAL the sinus beat of the atrial stimulation ^ 
STIMULATION study only. Prelim = preliminary; other ` 
STUDY abbreviations as in Figure 1. : 


global and regional ventricular function at rest and ..- 
during various interventions.2°2! However, regional -~ 
analysis was not performed in this study because our S 
aim was to compare atrial with ventricular stimulation. 
Furthermore, it is necessary to acquire the radionuclide — 
studies in the right anterior oblique, left anterior oblique _- 
and left lateral views to assess regional function ade- ae 
quately.** The lack of tachyphylaxis between the first E 
and second stimulation studies now makes such ac- 
quisition feasible. a 
Clinical application: The : importance of the finding. 
that postextrasystolic potentiation induced by atrial 
stimulation is the same as that induced by ventricul 
stimulation lies in the increased ease and safety of - 2 
performing atrial stimulation in the catheterization - E 
laboratory. Atrial postextrasystolic potentiation also. 
may have the potential for allowing noninvasive as- 
sessment of postextrasystolic potentiation by combining 
radionuclide ventriculography with recently introducec 
esophageal pacing techniques.?? Thus, it may become 
feasible to screen noninvasively patients with known - 
impaired left ventricular dysfunction by postextrasys- 3 
tolic potentiation to judge whether they are suitable for os 
surgical intervention. 
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ubidium-82 anc 


Experiments were undertaken using rubidium-82 and positron tomography i 
to examine the relation between myocardial perfusion and cation uptake _ 
during acute ischemia. Rubidium-82 was repeatedly eluted from a 


Strontium-82-rubidium-82 generator. In six dogs emission tomograms — 


were used to measure the delivered arterial and myocardial concentra- 
tions at rest and after coronary stenosis, stress and ischemia. There was 
a poor overall relation between regional myocardial uptake and flow 
measured by microspheres and a large individual variability. Extraction 
of rubidium-82 was inversely related to flow. Significant regional reduction 
of cation uptake was detected in the tomograms when regional flow de- : 
creased by more than 35 percent. This reduction was significantly greater 
when ischemia was present. A small but significant decrease (33.0 + 9.1 
percent, mean + standard deviation) in the myocardial uptake of rubid- 
ium-82 was detected only when flow was increased by more than 120 
percent in relation to a control area after administration of dypirida- 
mole. 

The technique using rubidum-82 and tomography was applied in five - 
volunteers and five patients with angina pectoris and coronary artery 
disease. Myocardial tomograms recorded at rest and after exercise in the 
volunteers showed homogeneous uptake of cation in reproducible and | 
repeatable scans. in contrast, the patients with coronary artery disease - 
showed an absolute mean decrease of 36 14 percent in regional 
myocardial uptake of rubidium-82 after exercise. These abnormalities __ 
persisted in serial tomograms for more than 20 minutes after the symptoms __ 
and electrocardiographic signs of ischemia. i 








= T8 seconds; .- 









im isotopes are bound to an alumina column, which 
| affinity for strontium at high pH (9 to 10), but a low 
yr rubidium and sodium. Rubidium-82 can be eluted 
uously from the generator by 1.8 percent sodium chlo- 
at pH 10 at flow rates up to 30 ml/min. ^!? An equal flow 
ified water for injection is added to adjust the infusate 
‘cent sodium chloride at pH 7 to 8. The infusate was 
zed by terminal filtration (Millipore SLG02505, 0.22 
The product has been shown to be pyrogen-free by in 
7o rabbit testing (Consultox, London). The elution of 
trontium isotopes is low and an upper limit of 1 uCi per 
.. Jiter-! of strontium-82 and strontium-85 has been set. The 
. "calculated radiation dose to the skeleton of a 70 kg man from 
4 Ci of strontium-85 and strontium-82-rubidium-82 is 7.6 
‘and 71.1 mrads, respectively. 
The output of the strontium-82-rubidium-82 generator (10 
ml/min of normal saline solution) was pumped over a cali- 
rated detector (Bicron 1.5M2/2P, ORTEC). The activity 
abilized within 90 seconds and varied by +5 percent for 40 
ninutes of observation. The breakthrough of strontium-82 
and strontium-85 was less than 0.30 uCi/liter. 
|| Theoretical considerations: Rubidium-82 has a half-life 
(s of 78 seconds. During a continuous intravenous infusion of 
^. constant activity a radioactive equilibrium is achieved in the 
^... arterial blood owing to rapid decay of the isotope in the sys- 
temic blood pool. The arterial concentration of rubidium-82 
at equilibrium represents the input concentration to the 
coronary circulation and myocardium. The activity of ru- 
5 bidium-82 in the myocardium will also reach an equilibrium 
-because of the constant input and rapid decay of rubidium-82. 
‘The relation between the arterial and myocardial concen- 
“trations is determined by the conservation of energy (that is, 
radioactivity) of rubidium-82: 


' Input = output + decay of rubidium-82: 
Ex F x Ca = FX CV + AAT, (1) 


- where E = extraction of rubidium-82 from blood into tissue, 
‘= blood flow to the myocardium, Ca = arterial activity of 
bidium-82, CV = venous activity of rubidium-82, À = decay 
constant for rubidium-82 and At = activity of rubidium-82 
in the tissues. If we divide this expression by volume (V) 
then, 











































E F AAt 
E. —. Ca = p>. Ct +~ 2 
a y "AT Py V^ (2) 
pP á NE Ct now represents the tissue activity of rubidium-82 
and p = the partition coefficient for rubidium-82 and, 


- hence, 


pCt = CV. 
| This equation can be rearranged: 
cc [geo] / o ^ (3) 











Once rubidium-82, like potassium, is taken up into myo- 
ver determining release (40 minutes and 
n to the rapid decay (78 seconds). 





851 (half-life '65 days) 3. enificant duantifies, "The : 


r tities of rubidium-82 will be . 
m in the active. form and here- d 










Ca can bs PN from dite tomogi 
Ct can be measured from the tomogra 
constant and therefore the above « 
calculate E-(F/V) in each region of the 
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Animal Studies 


Experimental preparation: Six mongrel 
to 35 kg) were anesthetized using intrave 
sodium (12 mg/kg body weight). Anesthesia was 
using pentabarbitone (2 mg/kg) intermitte: 1 
was maintained with a cuffed endotracheal tube and 
ventilator. Portex tubing and three-way taps we 
heparinized saline solution (1,000 IU/liter) nd 
way of the femoral artery and femoral vein into the 
aorta and inferior vena cava. In four dogs the arterial b 
was constantly withdrawn from the femoral artery, pumpe 
over a calibrated detector (Bicron 1.5M2/2P, ORTEC) a 
then returned to the femoral vein. The level of activity m« 
sured by the detector was recorded on a strip chart. be! 
during and after infusion of rubidium-82 into a peripheral i 
for 10 minutes. = 

A left thoracotomy was performed and the heart suppor 
in a pericardial cradle. A plastic cuff and wedge device we 
positioned around the mid portion of the left anterior de 
scending coronary artery in order to produce a graded decrease 
in luminal diameter. Proximal to this a 3 or 4 mm diameter 
flow probe (Systems Electronic, SE) was: positioned aroun 
the left anterior descending coronary artery. Pulsatile an 
mean coronary flow were recorded using a flowmeter (SE 275 
The linear response of the probe was checked and mech: ; 
occlusions of the left anterior descending coronary i artery 
















































throughout the study. The probe was calibrated iveituat 
end of the experiments. Flow in ml/min was calculated using 
the mean flow tracing and calibration data. ^ ^. 

A 7 French catheter was inserted through a purse-s 
suture into the left atrium and pacing wires were stite 
the left atrial appendage. Aortic and left atrial pressu 
mm Hg) were measured using P 23 dB Statham trar 
and devices amplifiers. The epicardial electrocardiog 
recorded using a saline-soaked cotton electrode 
mV). Pressures, electrocardiographic and flow da 
corded on a multichannel strip chart recorder (De 

Arterial blood samples were taken interm 
measurement of partial pressure of carbon dioxide 
pH, hemoglobin and acid-base balance. 

Positron emission transaxial tomogr: iphy: E 
positioned within a hexagonal ring of sodium iod 
organized for detection of coincidence radiation ( 
duced by ORTEC). A mid left ventricular positi 
lected for serial transaxial emission tomography. The 
was fixed in relation to the detectors by a laser 

An external ring source of germaniut 
between the detectors and the an 
transaxial tomography. Transmi 
later attenuation correction of emiss 
(15 to 18 mCi/min) was elu 
sodium. chloride solution an 











































ges within a 100 by 100 matrix 


calibrations using phantoms and 
ensure linearity and stable sensi- 


juilibrium and myocardial scans, electromag- 
ry flow, epicardial electrocardiogram, left atrial 
d aortic pressure were all recorded during a control 
hout interventions. Three arterial blood samples 
drawn during the equilibrium scans and three to eight 
les were drawn during the equilibrium scans and three 
ight samples were drawn during the myocardial scans, and 
(counts/ml per s) in each sample was measured in a 
ell counter. Two to five million microspheres (7 to 15 u), 
abeled with 30 uCi of iodine-125 (3M Company), were sus- 
pended in normal saline solution, mixed, agitated and injected 
into the left atrium. A timed arterial sample was collected for 
the later calculation of myocardial blood flow. 
| Phase 2: The screw device was used to decrease the diam- 
eter of the left anterior descending coronary artery. This was 
done until resting flow was decreased by 10 to 15 percent and 
reactive hyperemia abolished. Care was then taken that no 
luctuations or decreases in flow greater than 15 percent oc- 
curred. Observations were recorded to be sure that the left 
atrial pressure did not increase progressively or significantly 
above the control values (5.0 + 3.0 mm Hg before stenosis, 5.5 
i 2.2 after stenosis). The regional epicardial electrocardio- 
rams were recorded to ensure that no significant changes 
curred in the S-T segment (depression or elevation greater 
an 1 mm), in the QRS width or the rhythm. This evidence 
is used to ensure that the stenosis alone did not cause re- 
ional myocardial ischemia. Left atrial pacing was used to 
ncrease the heart rate by 20 to 25 percent for 15 minutes. 
squilibrium and myocardial scans plus all the observations 
ted in phase 1 were recorded. Cerium-141-labeled micro- 
heres were used. 
ase 3: After 30 minutes of recovery after phase 2, the 
cardiogram and left atrial pressure were used to detect 


ence of myocardial ischemia. If no ischemia was found the 
nterior descending arterial stenosis was checked and the 
rate increased by 70 to 80 percent for 10 to 14 minutes. 
um and myocardial scans plus all the observations 
d in phase 1 were recorded. Strontium-85-labeled mi- 
spheres were used. 
Phase 4: After 30 minutes of recovery after pacing, a check 
again made for evidence of regional myocardial ischemia. 
ne was found, the critical left anterior descending arterial 
osis was checked and then 0.3 mg/kg per min of dipy- 
ole was infused intravenously for 10 minutes. This was 
roduce a 5 to 10 percent decrease in mean aortic 
is intervention was used in an attempt to produce 
dilation, increases in perfusion to areas unaf- 
mary stenosis and therefore regional dif- 
intricle. The effects of the drug 
beled microspheres. Equi- 
the observations listed for 
- sled microspheres 
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Calculations Made From Positron Tomography 


Tomographic images were recorded on 35 mm film and in- : 
spected by three observers. The tomographic distribution of - 
activity is recorded within a 100 by 100 matrix of pixels, and : 
a printout of this image provides a matrix display of 20 by 20 
numbers, each representing a mean of 25 pixels. The dimen- 
sion (in mm) for each pixel is given for each scan. Two inde- 
pendent observers calculated the data. The peak count in the 
matrix was identified and all counts o? 50 percent or more of 
the peak value were enclosed, thus identifying the tomogram 
of the myocardium. The favorable myocardium to background 
ratio allowed eight regions to be identified in the tomogram 
with the spatial orientation recorded as described earlier, thus 
allowing regional comparison with microsphere data. 

Myocardial scans: The mean of four peak counts in each 
ef the eight areas of intarest was calculated. Counts/s per g of 
tissue were calculated from the calibration factor relating 
ECAT counts to well counter equivalents. Corrections for the 
partial volume effect were made using measurements of wall: 
thickness taken from the dissected slice of myocardium. The 
wall thickness (in mm! in each region was used to select a. 
systematic correction factor derived from published phantom 
studies. Because wall thickness is under the resolution of the 
Getector this factor, with calibration, allows full count rate 
recovery from the tissue. The activity in each area was cor- 
rected for decay back to the end of the rubidium-82 infusion. 

Equilibrium scans: The peak counts over the left ventricle 
were used to calculate counts/s per ml. These values were 
compared with the counts/s per ml obtained from the corre- 
sponding arterial blood samples taken simultaneously. Xu. 

The arterial and myccardial concentrations were related © 
as shown: aan 


Regional myocardial écounts/s per g) 


X 0.603/78 X 
Arterial activity (counts/s per ml) 0.693/78 x 60/1, 


where 0.683/78 represerts the turnover of rubidium-82 due . 
to decay. This calculation provides a fraction representing the 
uptake of rubidium-82 in each region of the myocardium in | 
























MYOCARDIAL BLOOD FLOW AND ®Rb—SELWYN ET AL. 


TABLE | 
Hemodynamic Changes in Each Stage of the Dog Experiments 
* Phase 1 Phase 2 Phase 3 Phase 4 
Control Pacing 1 Pacing 2 Dipyridamole 
Heart rate 120 + 15.1 150 + 10.0 195 + 24.0 124 + 17.0 
(beats/min) 
Mean aortic 101 + 7.0 97 + 10.0 93 + 11.4 94+ 12.3 
pressure (mm Hg) 
Mean left atrial 55:122 4.5 t 2.6 10.5 + 6.0 7.6 + 4.1 
pressure (mm Hg) 
Electrocardiogram* Normal in Normal in Positive in Normal in 
6 dogs 5 dogs and 4 dogs 3 dogs and 
positive in 1 positive in 1 
Number of 6 6 4 4 
comparisons 


between rubidium-82 
uptake and flow 


* A positive electrocardiographic response was S-T depression greater than 1 mm below the T-P segment at 20 ms after the end of the QRS 
complex. 


Transmission 


FIGURE 1. The transmission scan (1) 
shows the heart, lungs and chest within 
a transaxial slice of a dog. This is used 
to correct emission scans for tissue 
attenuation. The equilibrium scan (2) is 
recorded during rubidium-82 infusion 
and shows the activity in the ventricles 
and aorta which is used to calculate 
delivered concentration. The myocar- 
dial scan (3) records tissue activity in 
the free wall (FW) of the left ventricle 
and the interventricular septum(s). This 
tomogram was recorded at 30 to 150 
seconds after cessation of the intra- 
venous infusion of rubidium-82 and 
shows the free wall and apex (A) of the 
left ventricle and the interventricular 
septum. The earlier arterial concen- 
tration plus the myocardial concentra- 
tion allows measurements of regional 
myocardial uptake of the cation. 





Equilibium Scan, Myocardial Scan 


July 1982 The American Journal of CARDIOLOGY Volume 50 115 





ENS: WP TIES VD E A | 
MYOCARDIAL BLOOD FLOW AND PRb—SELWYN ET AL. - 


| and from the blood samples, and (2) the regional myocardial 
uptake of rubidium-82 and regional myocardial flow in each 
_of the eight regions of interest in each phase of the experi- 
ments. 


Patient Studies 


Normal volunteers: Five volunteers with no detectable 
evidence of heart disease were positioned in the ECAT camera 
and an 18 gauge needle was placed in an antecubital vein. The 
-Strontium-82—rubidium-82 generator and tubing were pre- 
pared using aseptic technique and the infusate was filtered 
 (Millex, 0.22 u, Millepore SA). Transmission scans were re- 

corded for later attenuation correction of emission data. 
Equilibrium scans were recorded (120 seconds) when one bank 
of detectors showed constant activity on a linear digital rate 
meter. Myocardial scans were recorded between 30 and 150 
seconds after cessation of the infusion. Equilibrium and 
myocardial scans were performed with each subject at rest and 
again at 0, 10 and 20 minutes after a symptom-limited maxi- 
‘mal exercise test performed supine using a bicycle er- 
gometer. 

-~ Patients with coronary artery disease: Five patients 
(four male and one female, aged 36 to 65 years) were selected 
for study. These patients all had exertional angina at least 
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'IGURE 2. These serial tomograms were recorded during four phases 
if the same dog experiment shown in Figure 1. There was a uniform 
egional myocardial uptake of rubidium-82 during the control period 
vith critical coronary stenosis but no stress (phase 1). Atrial pacing (116 
0 150 beats/min) with no ischemia (phase 2) produced insignificant 
lifferences in the regional myocardial uptake of rubidium-82. Rapid 
trial pacing (120 to 190 beats/min) with evidence of ischemia (phase 
) produced a decrease in regional myocardial uptake of rubidium-82 
nd microsphere flow. Although dipyridamole (phase 4) produced a 
2:1 difference in regional myocardial blood flow between post-stenotic 
nd remote areas there were no ischemia and no obvious regional 
ifferences in uptake of rubidium-82. 
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once daily (class II, New York Heart Association). All five 
patients had significant S-T segment depression and chest 
pain during a positive exercise test and the work load achieved 
ranged from 11,000 to 21,000 joules during the test. Four of 
the five patients had three vessel coronary artery disease and. 
one had two vessel disease on angiocardiography. Each patient 
was positioned in the ECAT camera. Equilibrium and myo- 
cardial scans were recorded at rest as described for the healthy 
volunteers. Each patient then performed a symptom-limited 
graded exercise test with use of a bicycle ergometer and con- 
tinuous electrocardiographic monitoring. Equilibrium and 
myocardial scans were performed at 0, 10 and 20 minutes after 
exercise. 

M mode echocardiography was used to measure the 
thickness of the interventricular septum and the free wall of 
the left ventricle. These measures were used for partial volume 
correction of emission data.4 


Results 


Animal Studies 


During the six experiments the partial pressure of 
oxygen ranged between 90 and 110 mm Hg, the partial 
pressure of carbon dioxide between 30 and 46 mm Hg 
and the pH between 7.38 and 7.40. Table I shows the 
changes in heart rate, blood pressure, left atrial pressure 
and electrocardiogram during the four phases of the 
experiments in six dogs. 

Arterial blood radioactivity: T'he activity detected 
in 10 ml/min of normal saline solution continuously 
eluted from the strontium-82-Rubidium-82 generator 
showed that within 2.0 minutes an equilibrium of ac- 
tivity was achieved (at 5 to 15 mCi-min) and was 
maintained for 7 minutes (within +3.0 percent). Simi- 
larly, the activity detected in 30 ml/min of arterial blood 
during a peripheral intravenous infusion reached 
equilibrium within 4 minutes. During the next 6 min- 
utes of infusion there was +4.0 percent variability and 
a small systematic decrease in activity ranging from 5 
to 6 percent. When the peripheral intravenous infusion 
of rubidium-82 was stopped, the arterial activity began 
to decrease within 10 seconds and decreased below 925 
percent of peak activity within 30 seconds in all the 
experiments. 

Equilibrium scans: Figure 1 shows an example of the 
tomograms recorded during the constant infusion of 
rubidium-82. The heart to background ratio of activity 
was 4.0 + 1.3:1 (mean + deviation). The peak activity 
in the scan was calculated (counts/ml per s) and then 
used as the arterial concentration of rubidium-82 at 
equilibrium. There was a significant relation between 
the arterial activity measured by the camera and the 
simultaneous measurement of activity made using blood 
samples and well counting (Y = X0.85 + 828.0. corre- 
lation coefficient [r] = 0.90, probability [p] = «0.001, 
n — 19). This measure was made without partial volume 
dion because of the size of the cavity and of the 

eart. 

Myocardial scans: Figure 2 shows an example of the 
myocardial scans recorded during control conditions as 
well as a sequence of images recorded from a single ex- 
periment showing the regional myocardial distribution 
of rubidium-82 in tomograms during the control period 


ut no evidence of ischemia 
produced regional ine- 
‘blood flow but no sig- 
qualities of regional 
dial uptake of rubidium-82. _ 
stenosis with rapid pacing 
ischemia (phase 3) produced. 
ificant changes in both regional 
myocardial uptake of rubidium-82 
and flow. Critical stenosis and di- 
pyridamole (no evidence of isch- 0. ae 
mia) (phase 4) produced large 
erences in regional myocardial 
ood flow with only a minor differ- 
ein ‘the regional myocardial 
take c of rubidium-82. 


2.0 


1.0 


Microsphere Flow ml/gm PES p 


(with critical stenosis without stress), during critical 
_» stenosis and pacing, during critical stenosis with rapid 
pacing and during stenosis with dipyridamole. Figure 
3 shows the regional myocardial uptake of rubidium-82 
in each of the eight areas of interest at each stage of one 
X. experiment. This figure also shows the measurements 
of regional myocardial perfusion in the eight areas 


-. during each phase of the same experiment. Table Il 
shows the changes in regional myocardial uptake of 
« yubidium-82 and blood flow for all the experiments 


«. taken from a normal area (three segments selected in- 
dependently by each observer as unaffected) and an 
"affected area (two segments selected independently by 
each observer as being changed by the stenosis of the left 
anterior descending coronary artery and stress). 
Figure 4 shows the relation between the regional 
'ocardial uptake of rubidium-82 and regional myo- 
cardial blood flow in the normal and affected areas in 
the six dogs. This significant relation shows that in each 
experiment any given change in regional myocardial 
perfusion is accompanied by a smaller change in the 
regional myocardial uptake of rubidium-82. 


Human Studies 


-Figure 5 shows. examples of equilibrium and myo- 
ardial scans recorded from a healthy subject. The heart 
background ratio of activity was 3.5 + 0.4:1. Figure 
hows a sequence of scans recorded before and after 
upine exercise in a. healthy volunteer. This shows a 
T mogeneous distribution of cation uptake throughout. 
y exercise the heart rate increased from a mean 

0m t /mm n the volunteers achieved a 
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Areas of Myocardium 


observers as described for the experimental section. . 
analysis of variance showed a significant 16 + 4.0 p: 
cent increase in rubidium-82 uptake with no signifi: 
differences between regions (coefficient of variance 
5.2 + 0.90 percent). During exercise in the patients wit 
coronary artery disease the mean heart rate increased 


TABLE il 


Values for the Regional Myocardial Uptake of. Rubidium-82 
and Flow With Critical Stenosis, Pacing, Fast Pacing and 
After Dipyridamole 


Phase 1  Phase2  Phase3 PF 
(control) (pacing 1) (pacing D 2) (d 


Normal Area 

Tomogram 
Regional 0.54 0.62 — 
myocardial +0.08 +0.10 
uptake of (n6) (n= 4) 
rubidium-82 

Microspheres 
Regional 0.89 1.20 
myocardial +0.30 . i0.40 
perfusion (n6) (n4) 
(ml/g per 
min) 

Affected Area 

Tomogram 
Regional 
myocardial 
uptake of. 
rubidium-82 

Microspheres 
Regional 
myocardial 
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FIGURE 4. In six dogs the relation between the 
regional myocardial uptake of rubidium-82 and 
flow shows a limited smaller change in tracer 
uptake for any change in flow with wide individual 
variability. The significant reductions in regional 
myocardial uptake of rubidium with defects in to- 
mograms occurred only when a regional myo- 
cardial reduction of flow was accompanied by 
evicence of ischemia (symbols enclosed by cir- 
cles}. 


FIGURE. 5. Patient studies. The 
transmission scan (1) shows the 
heart, lungs and chest wall in a mid. 
left ventricular and transaxial slice. 
The equilibrium scan (2) during ru- 
bidium-82 infusion provides the 





t FIGURE 5. Serial tomograms were recorded before (upper left) and after 

(upper right) exercise in a healthy volunteer. Exercise was associated 
‘with a small (16 + 4.0 percent) but significant increase in the regional 
myocardial uptake of rubidium-82. No change in distribution of rubid- 
... dum-82 occurred except for the region of the mitral orifice which is 
(ut particularly affected by any changes in geometry. The lower scans (post) 
|... were delayed scans after exercise. 






































from 78 to 141 beats/mih and all five patients com- 
plained of angina pectoris, which limited the exercise. 
-They achieved a work load of 11,000 to 21,000 joules 
during the test. All the patients showed an obvious re- 
gional abnormality of rubidium-82 uptake in the to- 
mograms recorded after exercise. 
— v. Figure 7 shows a sequence of scans recorded from a 
». representative patient. The tomograms recorded after 
exercise showed an obvious decrease in regional myo- 
- “cardial uptake of rubidium-82. The regional myocardial 
< .uptake of rubidium-82 in the affected segment de- 
:-ereased from 0.56 + 0.07 to 0.32 + 0.10 fractional uptake 
of rubidium-82. This regional decrease in uptake of 
rubidium-82 lessened; however, at 20 minutes after 
exercise there was still a significant regional decrease 
-8t 0.47 + 0.04 (p = <0.01). The calculated radiation dose 
to each patient was less than 1 rad and no complications 
.. were encountered. 


Discussion 


_ Radionuclide techniques using cations (thallium-201, 
-for example) have found clinical application in detection 
of transient regional myocardial ischemia and coronary 
ter y disease. However, the inability of these tech- 

j quantify events in each region of the myo- 
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m: nd ambiguities about the effects of flow and — 
have hi : ; variables that affect: 


show that th z delivered : ar- : dm flow were ac accomp anied b ce 










FIGURE 7. Serial tomograms Kocorded.t koma patient with angi 1 
pectoris. Recovery from exercise (3, 28 and 38 min post exercise. [Ex] 
was associated with a severe regional defect in uptake of rubidi ms 
compared to control. The defect in this cation scan occurred not be 
cause of increased uptake in unaffected areas but because of an ab 
solute decrease in cation uptake in the affected area, l 


terial concentration of rubidium-82 can be measure 
in tomograms during intravenous infusion. Thirty to 15 
seconds after infusion it is possible to record tomograms 
of the regional myocardial concentration of rubidium: 
82. These tomograms are of adequate physical quality 
even though the arterial concentration is approximate 
5 to 20 percent of peak activity at this time. The blood. 
pool represents 5 to 15 percent of the volume of t e 
myocardium within the tomogram. The contamination. 
of the myocardial activity by arterial activity (less th. 
20 percent of peak activity in 5 to 15 percent of the to 
mogram) is not enough to interfere with the adequa 
physical quality of the data. This is supported by the 
high myocardium to background ratio of activity. — — 
Relation between myocardial flow and uptake 
and extraction of rubidium-82: Our experiments have 
confirmed in vivo the inverse relation between myo 
cardial flow and extraction of rubidium-82. Althou 
the initial distribunon. of Mies cati n occurs thre | 
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-8i d Pin and a decreased below fhe 
trol level. Although the relation between uptake of 
bidium-82 and flow is weak and variable the technique 
pears do respond and consistently indicates the 
sence of acute transient regional myocardial isch- 
mia. The steady-state administration of trace quan- 
es of rubidium-82 produces no isotope effect and the 
otake into the myocardium is governed by the same 
physiology that determines uptake after a bolus i injec- 
on (that is, flow, extraction, myocardial pool). 
‘Tomographic detection of rubidium-82: The use 
of rubidium-82 carries the advantages of the 511 keV 
coincidence photons, tomographic detection, delivered 
arterial concentration and an absolute measure of re- 
zional myocardial uptake of the cation. The short 
half-life (t'4 = 78 seconds) allows serial studies in the 
me subject. All of these features permit measurement 
and interpretation of directional changes in events in 
ach region of the myocardium. 
The signal is a mean of events over 2 minutes and 
quires expensive equipment. In all forms of external 
juclear imaging the detector loses sensitivity as the 
bject decreases in size (the partial volume effect).* The 
mportance of object size in recovery of activity from the 
art is shown in these experiments. The measurement 
'all thickness in the dog experiments and echocar- 
)hic studies in the patients are both imperfect but 
ssary attempts to correct for partial volume effects 
n trying to quantitate events in the myocardium. 
ati nts with angina pectoris: The technique i in 
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e ‘radionuclide. Spatial resolution, repro- 
d homogeneous cation uptake are shown 
ormal subjects. The work performed during 
] robably produced marked increases in myo- 
erfusio ion. r MOWEVOE, these were accompanied by 
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| myocardial defects i í in the tomograms after e 


Measurements of regional myocardial deis of tracer - 
showed that these defects did not occur because of an 
increase in tracer uptake in normal areas. All the to- 
mograms after exercise showed one region with an ab- 
solute decrease in cation uptake. These abnormal 
changes recovered slowly and returned to control level 
only after 20 minutes in four of the patients. The dog 
experiments suggest that these absolute decreases in 
regional myocardial cation uptake are likely to be due 
to a significant reduction in regional myocardial per- — 
fusion and ischemia. Nevertheless, the scans record the 
regional myocardial uptake of the cation and cannot . 
dissect out the separate effects of "low and metabolism. _ 
The serial scans showed that the regional myocardial - 
disturbance lasted longer than the symptoms and. 
electrocardiographic signs of ischemia. 

Clinical implications: Patients with coronary artery | 
disease are thought to have transient disturbances of. 
regional myocardial perfusion and metabolism. The 
resultant regional ischemia is probably an important 
cause of morbidity and mortality. The detection of 
transient ischemia and its causes is an important goal, 
and a variety of techniques are available.!?.14 

The strontium-82-rubidium-82 generator is portable 
and provides safe quantities of rubidium-82 for pe- 
ripheral intravenous infusion. With positron tomogra- 
phy the arterial and myocardial activities can be mea- 
sured for calculation of absolute regional myocardial 
uptake of rubidium-82 in tomograms of adequate — 
physical quality. The short half-life of the tracer permits — 
serial studies to assess changing pathophysiology. Al- 
though the relation between myocardial uptake of ru- 
bidium-82 and flow is weak the technique is suitable for — 
detection of acute transient regional myocardial. 


ischemia. The strontium-82-rubidium-82 generator can 


be used without a cyclotron. This means that the ad- 

vantages of positron tomography can be used clinically 

without the expense of an on-site cyclotron, 4e 
Our preliminary results in patients with angina pec- ue 


toris have shown that abnormalities (that is, defects) .. 


appear in cation scans not because of increased tracer 
uptake in normal areas but because of an absolute de- 
crease in uptake in an affected area of myocardium. 
These ischemic lesions persist for much longer than pain - 
or the electrocardiogram suggests. This information 
may help to characterize and elucidate acute myocardial _ 
ischemia in patients with angina end coronary artery — 
disease. | 
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_ the terminal phases of the QRS complex.35:49 

































S-T segment elevation is commonly observed in the electrocardiogram — : 
of normal persons. To study the possible origins of such patterns, 45. = 
normal volunteers were examined. Electrocardiographic potentials were 
registered from 150 torso electrodes and processed to construct iso- 
potential maps at 2 ms intervals throughout the QRS-T interval. The | 
maximal potentials recorded from any of the 150 electrodes were 198 

+ 76.4 and 272.1 + 84.2 uV at instants 40 and 80 ms into the S-T segment, 
respectively. Maximal voltages recorded by the six standard precordial 

V leads at these respective time points were 109.7 + 57.0 and 163.6 + _ | 
66.9 uV. Torso maximal potentials were significantly stronger than were 
those sensed by V leads; the two were significantly correlated but pre- 
dictability was limited. The duration of overlap between the onset of 
ventricular recovery and the end of the excitation was determined from 
isopotential maps and ranged from 4 to 16 ms. There was no significant 
correlation (p 70.05) between these values and either torso or V lead 
potentials at either 40 or 80 ms into S-T segment. 

These data suggest that (1) standard precordial leads do not accurately 
predict maximal torso potentials during the S-T segment, and (2) the _ 
degree of overlap between repolarization and depolarization is not a major 
determinant of precordial voltage. Hence, the rationale for use of the term 
"early repolarization" to describe this clinical condition is not substan- "e : 
tiated. 





Body surface isopotential mapping is one method of proved value to 
enhance evaluation of the cardiac electrical field. This report describes _ 
in detail the application of this method to the study of junctional and... 
S-T segment elevation as commonly observed in persons with neither ; 
heart disease nor other electrocardiographic abnormalities. ED 
This electrocardiographic pattern represents a clinically significant P 
variation. S-T segment elevation without coexistent cardiac disease may |. 






occur in 1 percent of the general population but in as many as one third - 


of subjects in defined subgroups.?-*? Distinctions between this normal B 
electrocardiographic form and those indicative of potentially crippling .. 


 myopericardial diseases*?:!? are of obvious significance. However, con- 






siderations of the origin of S- T segment elevation in persons without. 
heart disease are limited. There have been no experimental data sup 
porting the commonly held contention that this S-T segment elevatior 
is due to an earlier than usual onset of ventricular repolarization durin g 
















» Isopotential mapping may be of particular value in. defining the 5 
anism iru presumably no : al pa tern. By T RIA 
ola 






B Methods 


ud y group: Forty-five normal male volunteers, aged 24 
ears, were studied. All were free of cardiac or systemic 

ise. as. determined by history, physical examination, 
ne. electrocardiography and chest roentgenography. No 
vas taking any cardioactive medications. Studies were 

ned in the postabsorptive state after obtaining volun- 

nformed consent. 
ata acquisition: Electrocardiographic signals were reg- 
istered from 150 chloridized silver electrodes, deployed on the 
anterior (100 electrodes) and posterior (50 electrodes) thoracic 
surfaces, extending from the level of the clavicles to the infe- 
or rib: margins. Data recording procedures were described 
detail in prior reports from this laboratory.!?9 In essence, 
nals were amplified by a bank of custom-designed, low noise 
BN, peak to peak), capacitor-coupled, differential (grid 
trode versus Wilson central terminal potential) amplifiers. 
ime constants were set at 2 seconds. 

Five 20 second epochs of data were digitized into nine bit 
samples at a rate of 500 conversions per channel per second. 
_ Each of the five data subsets contained information from 30 
— thoracic electrodes plus standard leads I, II and HI. The latter 
_ records, contained within each subset, served to verify the 

stability of the recordings over the entire data acquisition 
period. Oscilloscopic observation of amplifier outputs during 
data acquistion periods served to verify the baseline stability 
and the low noise levels of the waveforms. 
e v Data | processing: As previously described,!?!6 the five data 
- subsets were merged and like waveforms were averaged to 


... yield one set of 150 averaged unipolar thoracic electrocardi- 


> ograms. Baseline drift was corrected using the linear inter- 
`: polation method described by Spach et al.!? Time alignment 


_ S for merging was verified by the output of a hard-wired QRS 


trigger, and an automated autocorrelation routine was used 


—. to select cycles with nearly identical QRS-T waveforms for 


: averaging. 
sopotential maps were constructed from these waveforms 
ng a linear-bilinear interpolation routine. A 50 ms period 

1e terminal T-P segment was manually selected for use as 
mapping or 0 potential baseline. Distributions were con- 
structed at 2 ms intervals from the determined onset of the 
3RS complex to the end of the T wave, as determined from 
tudy of root-mean-square (RMS) potential plots. Contour 

lines were drawn at 0 and at plus and minus 10, 20, 40, 60, 100, 

200 and 400 uV levels. 

‘Data analysis and statistical evaluation: Body surface 
otentials generated by ventricular depolarization were 
identified as those beginning before the end of the QRS 
complex on RMS plots and ending before or at that point. 
Potentials due to ventricular repolarization were then defined 
hose beginning before, at or after the J point and persisting 
to the S-T segment. These definitions were suggested by 
accardi!? and have been relied on by Spach et al.!4 and in 
k reported by this laboratory.!9 
indard, automated routines for descriptive and com- 
statistics were 1 


itilized in the study .'8 A confidence 
ed to determine statistical signifi- — ud 
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FIGURE 1. Scattergrams depicting the range of mr DO sith 

(Y axis), in microvolts, registered from any of the 150 torso 

(T on X axis), and from any of the six standard precordial. electro: 

(V on X axis). Distribution (D) depicts the difference between th 
voltage measurements for each case. Values derived from dat 
corded 40 ms into the S-T segment are depicted in the left panel, an 
those from data 80 ms into the S-T segment are in the right panel. 


Results 


Comparison of Torso and Precordial Voltages 


Maximal potentials: The maximal potential re 
corded from any of the 150 torso electrodes 40 ms int 
the S- T segment ranged from 60.8 to 372.5 uV (mean 4 

1 standard deviation 198.4 + 76.4). At 80 ms into th 
ST. T segment, values ranged from 95.8 to 515. 9 A 
(mean 272.1 + 84.2) (Fig. 1). 

The maximal potential sensed by any of the si 
standard precordial electrodes 40 ms into the ST 
segment measured 109.7 + 57.0 uV (range 28.0 to 205. | 
The peak potential was registered by V4 and V4 sit 
19 and 20 cases, respectively. The correlation coe! 
comparing the maximal voltage sensed by any m 
grid or torso electrodes and by any of the si 
precordial leads was 0.49 (probability Ip ] . 
mean difference between these two maximal p: 
was 88.8 + 57.6 uV (range 0.0 to 229. 2 and x 
tically significant (p <0.01). AE. 

At 80 ms into the ST-T segment, the peak 
Mp by PE electrodes s was 1 f 168. | 


«0.01). The difference PE ie We wW 
tentials measured 108. 1 + 67. 4l eM (rz 
































s dm registered 30 ms into the S- T segment were 
ysitioned are depicted in Figure 3. Locations of V lead 

tes, as indicated by solid triangles, are estimated 
ypical locations; exact positions of these loci in relation 
0 grid electrodes varied from person to person because 

' differences in body habitus. The maximums were 
htly clustered in the left parasternal-precordial zone. 
variable relation between sites of maximal potential 
ad estimated V lead loci is apparent. The effects of this 
he relation. between peak torso and peak V lead 
) ol , seil are depicted in the isopotential maps presented 
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50 torso electrode locations, as used in subse- 
ential maps. The V corresponds to the sternal 
s identity the positions of the six standard 
^F. or each numeral identifies the locus of 
eft and right. margins being along the 
bral lines, respectively. Inferior 
flec thi 1 axillary. zones. The nu- 















the ST segment, M are övé 





xd dmg V lead. volte rea was Eu 16 uV. ln Lane 7 
B, the peak torso positive potential was 418 uV, and was 
sensed at the site identified by the arrow. Peak V lead 
voltage was recorded from lead V4 and equaled 324 uV. 
This difference of 94 uV may be explained by the 
greater distance from the torso maximum to the pre- | 
cordial lead sites. Thus, in these two cases with nearly 
equal peak torso potentials, V lead records provided 
different results owing to spatial variables. = 
Overlap Between Depolarization and Repolarization — 
One example of overlapping terminal depolarization — 
and initial repolarization is shown in Figures 5 and 6. | 
Sixteen milliseconds before the end of the QRS complex - 
(Fig. 5, panel A) an intense (—781 uV) depolarization 
minimum is located over the upper anterior central 
chest (labeled 1). Four milliseconds later (Fig. 5B), a 
zone of positive potential (labeled 2, 140 uV) emerges 
over the upper sternum, as the previously identified — 
minimum decreases in strength (—622 uV). Next (Fig. 
5C), a second maximum, labeled 3, appears over the left 
precordium (44 uV}. The two zones of positive potential 
converge on one another (Fig. 5D), as the minimum 

















segment, from two “normal print Plus and minus. signs, boi 
apis to the nubis of the sonaat Popa “i g eiecit ' 












FIGURE 5. lsopotential distributions from one subject at instants 16 (A), 12 (B), 8 (C) and 6 m ms before the J point, as defined i in the text D 1 
widentifiod by arrows, as described in the text. Conventions as in Figure 4. ERIS 


m losbs strength. Maximum 2 has decreased in strength Extrema 1 and 2 are considered to reflect de ol 
tu (78 HV), but maximum 3 has intensified (58 uV). ization phenomena, beginning during the QRS comple 
_ Four milliseconds before the J point (Fig. 6A) all and ending at the J point. Maximum 3, beginning lat 
T three extrema are present. Maximum 2 has weakened in the QRS complex and continuing into and domin 
... (48 uV), but maximum 3 has strengthened (98 uV). At ing the S-T segment patterns, was considered to re 
. the J point, maximum 2 has disappeared, but maximum resent a repolarization force. This maximum coexiste 
.. 9 (128 uV) and the minimum (—16 uV) remain (Fig. 6B). with a depolarization effect for 10 ms. | 
Next (Fig. 6C), the minimum is lost, leaving only one Overlaps so determined ranged from 4 to 16 n 
.. maximum to dominate the early S-T segment field. This (mean 9.78 + 2.96). The relations between this mea 
^. pattern persists throughout the S-T segment (Fig. surement and peak torso and peak V lead el: 
3 PD): po potential 80 ms into the ST-T segment are grap hica 
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m the same subject as in Figure 5, drawn at instants 4 ms before ( 
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$i ted i in Figure 7. Correlation coefficients for these 
vo cases were 0.12 and 0.16; neither achieved statistical 
significance (p >0.5). Similarly, no statistically signif- 

ant correlation could be determined between overlap 
and either set of potentials 40 ms into the S-T segment. 

hus, the degree of overlap between depolarization and 
repolarization was not a significant correlate of pre- 


. cordial voltage. 
Discussion 


: This report describes in detail the application of body 
irface. isopotential mapping methods to the study of 
rmal-variant S- T segment elevation. The topographic 
etails of such patterns were extensively evaluated by 
ccardi!? and Spach et al.'4 In their reports, as well as 
in the current one, S-T segment patterns were charac- 
ed by aleft precordial maximum of varying inten- 

4 and 6) that remained relatively stationary 

' he rentricular repolarization phase 
N egative potentials of lower mag- 
the maximum. Precordial V lead 








siste r upward displacement of the S-T 


vo tage related to body surface 
irst. phase of this study related the 
ent potentials registered from the 150 
ose recorded from the six standard 


the maximal voltages were regis- 


age recorded by the V leads 
with hat Tegistered by an 
dir 


d over or near the maximum, would 


lagnitudes reported here are similar 
se reported by other investigators,!^14 as are the 


FIGURE 7. Plots of computed overlap between the onset of — 
repolarization and the end of depolarization (X axis) versus peak 

potential in any of the 150 torso electrodes (Y axis, left plot). or — 
the peak voltage i in any of the six precordial leads (Y axis, dog ; 
plot). dx 


potentials, equaled 0.24 and 0.25 at instants 40 and 80 
ms into the S- T segment, respectively. Thus, only one 
quarter of the variation in V lead maximal potentials 
was determined by the variation in total body surface 
potential intensities. 

Àn additional factor is the location of the extrema in 
relation to V lead sites (Fig. 4). S- T segment maximums 
did vary in position on the anterior chest and were only 
infrequently located at a V lead site (Fig. 2). In general, 
the closer the maximum is located to a V lead site, the 
lower will be the difference between V lead and torso 
electrode peak potentials. Because potential gradients. 
(the rate of change of potentials as a function of dis- 
tance) may be steep, even small dislocations may result 
in large voltage differences. Thus, V lead potentials are 
dependent on spatial as well as intensity factors. 

Is *early repolarization" the mechanism of nor- 
mal S-T elevation?: The second phase of this study - 
explored one possible mechanism for the S-T segment © 
elevation observed in these normal cases. A .causal.. 
relation between the phase of ventricular recovery |. 
preceding the J point and normal-variant S-T segment | 
elevation has been suggested. Myers et al.? conclude 
that “it is probable that the electromotive forc 
veloped. during repolarization have reached sufficient — 
magnitude by the end of the QRS to account for. the 
upward displacement of the RS-T junction.” Osher and | 
Wolff? extended this notion to include the possible role - 
of an. ually d onset of epolarization" ora 
sation of the depolariza ati ion process.” € eo 

iege vat "the su 































with those reported by y Spach et al! 14 tor subje 
nilar ages. i 
| ü | e current study does not suppi 
ilar process. Thus, the sloctrocardiogréntie ee . for this overlap in the generatio 
ation of, for example, the onset of ventricular rep- ment elevation. There was no r 
larization differs from the intracellular electrophysi- overlap and the magnitude of | ; 
ees determination. The latter corresponds to the pa . (Fig. 7). This was true when eit} 
theupst or mazima! torso Ae aa wert : 


























































or onae. of phase 1—in a given cell. In con- 
ormer depends on the generation of extra- 
currents by regional differences in intracellular 
potentials during'the plateau phases of the action po- 
ential. When these gradients and the currents they 
- generate reach sufficient magnitude to be detected by 
- extracellular recording electrodes, the electrocardio- 
graphic onset of ventricular repolarization is specified. lar plateau p: 
The termination of ventricular excitation and, hence, action potential durations and pesti 
the degree of overlap between the two events may be either may increase S-T potentials. Fact 




















. analogously defined. alter normal variant patterns, such as autonomic tne 
-Role of overlap between end of depolarization may then act on these variables. Althougt | difference 
: and onset of repolarization: That such temporal in source eccentricity or other volume conductor vari- 
- overlap occurs has been amply documented by epicar- ables may also affect body surface potentials, the rapid 
- dial recordings. Spach et al.!? reported development of alterations in voltages with exercise, 9 for example 
epicardial repolarization maximums over the right suggest that they are not relevant factors. Similarly 
: atrium during the last 15 to 20 ms of left atrial depo- superposition of normal systolic currents on regione 
-< larization. These investigators subsequently docu- diastolic currents would result in apparent S-T eleva- 
-mented the onset of ventricular repolarization during tion,?* but this seems unlikely in normal subjects. 
- the last 5 to 8 ms of ventricular excitation.?? In each Prior studies from this laboratory ® suggest an added. 
- case, the area to first begin repolarization was the zone significance to this finding. In patients with an acute 
~ first to be depolarized. anterior myocardial infarction, the magnitude of de- | 
- Detection of overlap in body surface recordings has polarization-repolarization overlap was determined to 
. likewise been reported. Taccardi!? described the ap- be 21.3 + 4.6 ms. In those with an inferior lesion, the 
pearance of a “new maximum” that was “believed to be overlap was 34.6 + 12.4 ms. These durations are con- 
-early recovery potentials" before the disappearance of siderably longer than those reported in normal subjects, 
` terminal activation forces in normal subjects. Spach et particularly in light of the older age of patients with 
_-al.,4 in an extensive study of ventricular recovery in infarction. Thus, “early repolarization” as used in these 
E healthy subjects, also characterized and quantitated this studies appears to be a feature of abnormal but not of 
« phenomenon. Overlap was found to be age-dependent, normal cardiac states with S-T segment elevation. This 
-© with greatest magnitudes being found in younger is the opposite of the relation suggested by common 


subjects. The mean values computed here correspond clinical nosology. 
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KLORVESS 


Each packet (2.8 g) 

| provides 20 mEq each 
of potassium and 
chloride supplied by 


potassium chloride 


1.125 g, potassium bicarbonate 0.5 g, and 
-lysine monohydrochloride 0.913 g. 


The patient on higher doses of antihyper- 
tensive medication, diuretics and/or 
digitalis, may need additional potassium 
supplementation ...40 mEq/day or more. 
KLORVESS Effervescent Granules offer 
the following advantages: 


e Each packet delivers 20 mEq of potas- 


sium...compared with slow-release 
tablets that contain 10 mEgq or less. 


e Sparkling citrus flavor offers a high 
degree of patient compliance. Patients 
may even use KLORVESS as a “chaser” 
for other medications. Granules mix 
easily with cold water...no need 
for expensive juices to make palatable. 


e Convenient effervescent granules 
dissolve almost immediately ... no 
waiting. 


e Sugar-free, sodium-free, carbohydrate- 
free, dye-free formulation ...ideal for 
hypertensive, diabetic, or overweight 
patients. 
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A Laragh’s eagerly awaited 
Give your patients new book on the silent killer à 
- theKLORVESS sparkle — | TOPICS IN 1 


Klorvess? Effervescent Granules and 
Klorvess? (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: Kl/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescentformulation. Dissolutionofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 


potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored: 


vehicle, alcohol 195. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: In response to arise in the concentration of body 
potassium, renal excretion ofthe ion isincreased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High sérum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 

DOSAGE AND ADMINISTRATION: K/orvess Effervescent 
Granules: Adults — One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 

Klorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 





HYPERTENSION 


Edited by 
John H. Laragh, MD 
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Director, The Cardiovascular 
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Division The New York 
Hospital-Cornell Medical Center 


644 pages. 36 chapters by 85 
internationally known spe- 
cialists. Illustrated. Compre- 
hensively indexed. $49.00. 
Available on 30-day approval. 





High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice...and can apply, to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies. 


Laragh’s TOPICS INHYPERTENSION places this kind 
of vital knowledge within instant reach of the physician. 
It presents a carefully selected array of discussions. It 
deals in depth with recent breakthroughs in understand- 
ing, diagnosing, and treating this problem. 


This book is conveniently organized for effective consul- 
tation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


* Section 2 deals with new physiologic approaches to 
diagnosis. 


* Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 


* Section 4 considers in detail the more recently intro- 
duced modes of therapy. These new agents presage the 
beginning of a new era of more selective and specific 
therapy for increasing numbers of patients. 
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Automatic DDD Cardiac 
Pacer Design 





Adjustable Atrial Refractory 


Periods 





Automatic DDD Mode 





conduction. 


Maintains full DDD function while 
avoiding synchronization with retrograde 


Allows A-V synchrony to be maintained 
for maximum hemodynamic benefit. 


Four Programmable A-V Delays Optimizes ventricular filling. 





Important Information 


Indications 

The Cordis Model 233D Sequicor 8 (Theta) pacer 
is a two-channel pacer intended for permanent, 
two-chamber cardiac pacing. 


Adverse Effects 


The following list includes a number of complica- 


tions related to pacer therapy that have been re- 
ported in the medical literature. Noninvasive 
techniques for assessing and managing such 


complications are available to the physician. Mal- 


© Cordis Corporation 1982 Post Office Box 525700 Miami, Florida 33152-5700 U.S.A. Telephone: 800-327-2490 


functions occur randomly and may occur at any 
time after implantation. 


Complications Associated with Pacer Therapy 
Pacer — battery depletion, component malfunc- 
tion, electromagnetic interference, decreased 
sensitivity 

Lead — unsatisfactory electrode position, fracture 
displacement, penetration/perforation of heart 
wall, faulty connection with pacer 

Body — reaction, infection/erosion, increase in 
stimulation threshold 


cordis. 


Contraindications 


Atrial-synchronized ventricular pacing and DDD 
sequential pacing modes are contraindicated 
for use in the presence of chronic atrial flutter or 
atrial fibrillation. If these conditions are demon- 


strated, atrial sensitivity can be programmed "off" 


to a nonatrial sensing mode such as VVI. 


Caution: Investigational device. Limited by Fed- 


eral (U.S.A.) law to investigational use. 


*Under clinical evaluation 
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NOW IT'S HERE... 
ONCE-A-DAY 


24-HOUR 
ANGINA PROPHYLAXIS 


NEW 
TRANSDERM-NITRO 


nitroglycerin 

















new odd 


————————————————————————————————————————————————————————99———— ——À—»—Ó—————————————D 


Magnified 
cross section of 
Transderm-Nitro patch 


impermeable water-resistant 
backing layer 


nitroglycerin reservoir 


dosage-regulator membrane 


hypoallergenic contact 
adhesive 

Contains an initia! dose of 
medication to saturate skin- 
binding sites so that absorp- 
tion begins immediately 


nitrog lu 


Exclusive 
dosage-regulator membrane 


delivers hour-by-hour 
precision dosage 


Unlike other less sophisticated methods 
of delivering medication through the skin, 
Transderm-Nitro has a unique feature that 
assures precision dosage. This is a spe- 
cially designed copolymer membrane 
whose porosity and thickness govern the 
rate at which the drug diffuses through 
the membrane. This predeterminec rate 
Is slightly above the average permeability 
rate of the skin. Thus there is little risk of 
extremely high concentrations being 
reached, even in patients whose skin is 
unusually permeable. 





(actual size) 


In clinical studies, absorption of nitro- 
glycerin through the skin occurred at a 
continuous and well-controlled rate for 
a minimum of 24 hours. 





A therapeutic effect can be anticipated 
30 minutes after application of tne sys- 
tem, and will be maintained for 30 


j i approx. thinness 
minutes after its removal. (apo ) 
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?recision dosage system | 
assures 24-hour angina protection 


iteady, sustained 
4-hour nitroglycerin 
lood levels 

pplication of Transderm-Nitro 5 
roduces a steady plasma con- 
entration—a total of 5 mg over 
24-hour period—to assure con- 
tant protection against angina 
ttacks. 


ike other nitrates, Transderm- 
litro should be used under 
areful clinical and/or hemo- 
ynamic monitoring in patients 
ith acute myocardial infarction 
r congestive heart failure. Tran- 
ient headaches are the most 
ommon side effect, especially 
/nen higher doses of the drug 
re used. 





Easy-to-apply 
skin patch 


Each day, a patch is applied to 
the skin. After 24 hours, the 
patch is removed and a new one 
is applied to a different site to 
avoid the possibility of skin irrita- 
tion. Although many patients 
prefer the chest, the patch can 
be applied to any site on the 
body except the distal 
extremities. 

Transderm-Nitro will be available 
in two dosage sizes for easy 
titration: Transderm-Nitro 5 and 
Transderm-Nitro 10. 





plasma concentration of nitroglycerin 


A pharmacologic 
advance beyond tablets 
and ointments 


e 24-hour sustained therapeutic 
blood levels of nitroglycerin 

* Precise dosage control 

* Ease of administration...avoids 
mess and inconvenience of 
ointments 

* Once-a-day dosage to 
enhance compliance 

* Convenient titration to assure 
optimal effect 
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1st patch 


'irst measurement in this study was taken 
it 2 hours. However, a therapeutic effect 
‘an be anticipated 30 minutes after 
ipplication of the system, and will be 
naintained for 30 minutes after its 
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hours 


"After 24 hours, patch is removed and a 
new one is applied to another site Renewa 
of the system does not result in any signif- 
icant alteration in the plasma levels, as 
long as the change is made without 
delay 


CIBA 


For full details, please see the prescribing information on the next page 








Patch can be applied anywhere 
except distal extremities. 


Doesn't compromise daily 
activities. 


Transderm®-Nitro 
(nitroglycerin) 
Transderma! Therapeutic System 


DESCRIPTION 

Transderm-Nitro (nitroglycerin) transdermal 
therapeutic system is a flat unit designed to 
provide controlled release of nitroglycerin 
through a semipermeable membrane con- 
tinuously for 24 hours following application 
to intact skin Nitroglycerin (glyceryl tri- 
nitrate) is a prompt-acting vasodilator for 
the relief and prevention of anginal attacks 
Systems are ‘ated to release in vivo 5 and 
10 mg nitroglycerin over 24 hours and are in 
sizes of 10 ard 20 cm? respectively 


One-fifth of the total nitroglycerin in the 
system is delrvered transdermally to the 
patient over 24 hours; the remainder serves 
as the thermodynamic energy source to 
release the drug and remains in the system 
The rated release of drug is dependent 
upon the area of the system; 0.5 mg 
nitroglycerin is delivered in vivo for every 
cm? of system size 


The Transderm-Nitro system comprises 

four layers as shown below. Proceeding from 
the visible surface toward the surface 
attached to the skin, these layers are: 1) a 
tan-colored backing layer (aluminized plas- 
tic) that is impermeable to nitroglycerin; 

2) a drug reservoir containing nitroglycerin 


adsorbed on lactose, colloidal silicon dioxide, 


and silicone medical fluid, 3) an ethylene/ 
vinyl acetate copolymer membrane that is 
permeable to nitroglycerin; and 4) a layer of 
hypoallergenic silicone adhesive. Prior to 
use, a protective peel strip is removed from 
the adhesive surface 


Cross section of the system 


— Baciung 








—— Drug Reservo 







fao SAX 


5emipermeable Membrane 


— 





~ Adhesive 
~~ Protective Peel Strip 


ACTIONS 

When the Transderm-Nitro system is ap- 
plied to the skin, nitroglycerin is absorbed 
continuous |y through the skin into the sys- 
temic circulation. This results in active drug 
reaching the target organs (neart, extrem- 
ities) before being inactivated by the liver 
Nitroglycerin is a smooth muscle relaxant 
with vascular effects manifested predomi- 
nantly by venous dilatation and pooling. 
The major beneficial effect of nitroglycerin 
in angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to 
vascular smooth muscle relaxation and 
consequent reduced cardiac preload and 
afterload. In recent years there has been an 
increasing recegnition of a direct vasodila- 
tor effect of nitroglycerin on the coronary 
vessels 


In clinical studies transdermal absorption of 
nitroglycerin frcm a nitroglycerin system 
occurred in a continuous and well-controlled 
manner, for a minimum of 24 hours. Thera- 
peutic effect cen be anticipated 30 minutes 
after application of the system and to be 
maintained for 30 minutes after its remova! 


INDICATIONS AND USAGE 
Transderm-Nitro system is indicated for the 
prevention and treatment of angina pectoris 
due to coronary artery disease 


CONTRAINDICATIONS 

Intolerance of organic nitrate drugs, 
marked anemia, increased intraocular pres- 
sure or increased intracranial pressure 


WARNINGS 

In patients with acute myocardial infarction 
or congestive heart failure, Transderm-Nitro 
system should be used under careful clini- 
cal and/or hemodynamic monitoring. 


In terminating treatment of anginal patients, 
both the dosage and frequency of applica- 
tion must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden 
withdrawal reactions, which are characteris- 
tic of a!l vasodilators in the nitroglycerin 
Class. 


PRECAUTIONS 

Symptoms of hypatension, such as faint- 
ness, weakness or dizziness, particularly 
orthostatic hypoteasion, may be due to 
overdosage. When these symptoms occur, 
the dosage shouid be reduced or use of the 
product discontinued 


Transderm-Nitro system is not intended for 
immediate relief of anginal attacks. For this 
purpose occasicnal use of the sublingual 
preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common 
side effect, especially when higher doses 

of the drug are used. These headaches 
should be treated with mild analgesics while 
Transderm-Nitro *herapy is continued. Wher 
such headaches are unresponsive to treat- 
ment, the nitroglycerin dosage should be 
reduced or use of the product discontinued 


Adverse reactions reported less frequently 
include hypotension, increased heart rate, 
faintness, flushing, dizziness, nausea, 
vomiting, and dermatitis. These symptoms 
are attributable to the known pharmaco- 
logic effects of nitroglycerin, but may be 
symptoms of overdosage. When they per- 
sist the dose should be reduced or use of 
the product disccntinued 


DOSAGE AND ADMINISTRATION 
Therapy should be initiated with application 
of one Transderm-Nitro 5 system to the 
desired area of skin Many patients prefer 
the chest; if hair is likely to interfere with 
system adhesion or removal, it can be 
clipped prior to p acement of the system 
Each system is des:gned to remain in place 
for 24 hours, and each successive applica- 
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tion should be to a different skin area 
Transderm-Nitro system should not be ap- 
plied to the dista! parts of the extremities 


The usual dosage is one Transderm-Nitro 5 
system every 24 hours. Some patients, 
however, may require the Transderm-Nitro 10 
system. If a single Transderm-Nitro 5 system 
fails to provide adequate Clinical response, 
the patient should be instructed to remove 

it and apply either two Transderm-Nitro 5 
systems or one Transderm-Nitro 10 system 
More systems may be added as indicated 
by continued careful monitoring of clinical 
response 


The optimal dosage should be selected 
based upon the clinical response, side 
effects, and the effects of therapy upon 
blood pressure. The greatest attainable 
decrease in resting blooc pressure that is 
not associated with clinical symptoms of 
hypotension, especially during orthostasis, 
incicates the optimal dosage To decrease 
adverse reactions, the size and/or number 
of systems should be tailored to the individ- 
ual patients needs 


Do not store above 86°F (30°C) 


PATIENT INSTRUCTIONS FOR 
APPLICATIONS 

A patient leaflet is supplied with the 
systems 
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Total creatine kinase (CK) and the myocardial isoenzyme CK MB activity 
were prospectively determined in 282 children hospitalized for cardiac 
catheterization and evaluation for suspected congenital cardiac abnor- 
malities and compared with a hospitalized control group of children without 
such abnormalities. The percent CK MB and CK MB activity were ab- 
normally elevated in symptomatic children with a large left to right shunt 
due either to a large ventricular septal defect (n = 22; p <0.001) or to 
complete atrioventricular canal (n = 10; p <0.001). Serum CK MB activity 
and percent CK MB were significantly related to the size of the shunt and 
the age of presentation with clinical symptoms of congestive heart failure 
in infants with a ventricular septal defect. CK MB activity was abnormally 
elevated in infants with symptomatic coarctation of the aorta, either with 
or without a ventricular septal defect (n = 15; p <0.001), and in infants 
with symptomatic aortic stenosis (n = 4; p <0.02). In contrast, CK MB 
activity was normal in asymptomatic children with coarctation of the aorta 
(n = 14) or aortic stenosis (n = 8) despite comparable systolic pressure 
gradients. CK MB activity and percent CK MB were abnormally elevated 
in those children with the cyanotic congenital cardiac abnormalities of 
either transposition of the great arteries (n = 32; p <0.001) or right ven- 
tricular outflow tract obstruction (n = 31; p <0.001). These results suggest 
that children with congenital cardiac abnormalities may have significant 
myocardial cell injury and release of CK MB that may be detected by the 
determination of serum CK MB activity. Cell injury may be secondary to 
arterial desaturation or acute pressure-volume overload, or both, as 
manifested by clinical symptoms of heart failure and measured hemo- 
dynamic variables. 


Serum creatine kinase MB isoenzyme (CK MB) activity in adults has 
generally been accepted as the single best index of cardiac injury due to 
acute myocardial infarction.'? The specificity of the serum CK MB value 
as an indicator of myocardial cell injury is based on the preferential lo- 
calization of the MB isoenzyme in cardiac muscle, where it constitutes 
approximately 15 percent of the total myocardial creatine kinase (CK) 
activity.^? Therefore, the appearance of elevated percent CK MB and 
CK MB activity in the serum is a reliable marker of prior myocardial 
injury.!-? 

The usefulness of serum CK MB in assessing the cardiac injury due 
to specific forms of congenital heart disease has not been established, 
although two published series?^^ with small numbers of children sug- 
gested that CK MB is not elevated in children with a variety of congenital 
cardiac abnormalities. To test the hypothesis that certain types of con- 
genital cardiac abnormalities associated with either severe hypoxia or 
severe pressure-volume overload may result in cardiac injury,” this study 
evaluated the CK MB isoenzyme levels in children with congenital heart 
abnormalities that were anatomically and hemodynamically charac- 
terized by cardiac catheterization. Our results indicate that in children 
with severe cyanosis or congestive heart failure, CK MB may be elevated 
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and correlated with the severity of the hemodynamic 
abnormality. 


Methods 


Study patients: Total and creatine kinase (CK) isoenzyme 
determinations were performed in infants and children with 
suspected congenital abnormalities of the heart admitted to 
the Vanderbilt Children's Hospital for cardiac catheterization. 
Approval for this study was obtained in 1978 from the Van- 
derbilt University Committee for the Protection of Human 
Subjects and annually renewed. A total of 282 CK determi- 
nations were performed in serum obtained from infants and 
children who ranged in age from 12 hours to 19 years. The 
serum was obtained at the time of the percutaneous insertion 
of the venous catheters and 30 to 60 minutes after the routine 
intramuscular premedication. 

Creatine kinase determination: Both total CK MB ac- 
tivity in IU/liter and percent CK MB were determined ac- 
cording to published methods.5 The total CK activity was 
determined spectrophotometrically in the clinical chemistry 
laboratory using a commercially available assay system 
(Corning Company). The reagent composition of this assay 
has been shown to be reasonably close to optimum.’ The CK 
isoenzymes were separated by agarose gel electrophoresis (pH 
— 8.8 at room temperature) and the relative percent of CK 
activity of CK MM, CK MB and CK BB isoenzymes on the 
gel was determined with the same coupled enzyme method. 
The scanning densitometric profile of the relative fluorescence 
of each of the isoenzyme bands was integrated and the iso- 
. enzyme distribution calculated. Localization of the isoenzyme 
bands after agarose gel electrophoresis was routinely validated 
by the co-migration of commercially obtained standard CK 
solutions (Corning Company) containing all three isoenzymes. 
With agarose electrophoresis the limit of sensitivity for de- 
tection of CK MB is 3 IU/liter.! This value is less sensitive 
than the column chromatographic method? but results in a 
lesser incidence of false positive elevations in CK MB due to 
an elevated CK BB level. 

Patient assessment: Congestive heart failure was defined 
by the attending physician as tachypnea, tachycardia and 
cardiomegaly necessitating treatment with digitalis or diuretic 
agents, or both. Assessment of shunt size (Qp/Qs) was deter- 
mined at the time of the catheterization from oxygen satura- 
tion data and defined as Qp/Qs = Ao - MVB/PV — PA where 
Ao = aortic or femoral artery, MVB = mixed venous blood and 
PA and PV - pulmonary venous and pulmonary arterial 
saturation, respectively. With an atrial shunt, the superior 
vena caval oxygen saturation was substituted for the mixed 
venous blood oxygen saturation. 

Statistical analysis: The t test and curve-fitting calcula- 
tions were performed on a programmable desk top computer 
(Texas Instruments TI-59) with the statistics module 
(STAT-5859). The distribution of CK MB activity in the 


TABLE | 
Distribution of CK MB Activities in the Control Group 
CK MB Activity Cases 
(IU/liter) (n) 

«1 21 
1-3 0 
3-4 
5-6 0 
7-8 1 
9-10 1 
Total 24 
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control group was greatly skewed to the low values of CK MB 
activity (kurtosis = 8.9; skewness = 2.72) (Table I). Therefore 
the Fisher's exaet test,” a nonparametric analysis, was selected 
as most appropriate for comparison of CK MB activities be- 
tween groups. 

CK MB activity or percent CK MB was defined as abnor- 
mal if the CK MB activity was equal to or greater than 5.86 
IU/liter or the percent CK MB was equal to or greater than 
4 percent (mean + 2 standard deviations of control values). 
The significance of differences between groups was deter- 
mined after assigning CK MB activities or percent CK MB 
to either the normal or abnormal column in a modified 2 by 
2 contingency table in which no assumptions were made re- 
garding the distributions of the respective groups. Analysis 
for possible correlations between CK MB activity and age, 
shunt size or arterial oxygen saturation was determined by 
bivariate data transform. All statistical probabilities expressed 
are two-tailed. 


Results 


Control group (Table I): The control group (n = 24) 
consisted of 10 hospitalized infants in the newborn 
nursery as well as 6 asymptomatic infants and children 
with a small shunt atrial septal defect (that is, Qp/Qs 
less than 1.9); 5 with mild to moderate pulmonary ste- 
nosis (right ventricular peak systolic pressure 45 mm Hg 
or less) and 4 children at least 1 year after repair of total 
anomalous pulmonary venous return (n = 2) or ven- 
tricular septal defect (n = 2). Their ages ranged from 1 
day to 15 years (mean 3.1 years + 44 weeks). Eighteen 
were infants less than 2 years old. All children were 
asymptomatic referable to the cardiovascular system 
and children with asphyxia, hypoxia or myocarditis were 
excluded. CK MB activity was detectable in only 2 (8.3 
percent) of the 24 children. 

Volume overload group (Table II): Thirty-seven 
children with an isolated ventricular septal defect, 19 
children with a large shunt atrial septal defect (Qp/Qs 
greater than 2) and 10 children with an atrioventricular 
(A-V) canal defect had CK MB isoenzyme determina- 
tions performed at the time of their diagnostic cathe- 
terization. The mean + standard error of the mean of 
the ages, shunt size and the right to left ventricular 
pressure ratios are given in Table II, as well as the 
number of children with each defect who were judged 
to have congestive heart failure and who underwent 
surgical repair of the defect. In the majority of the 
children with a ventricular septal defect and A-V canal 
defect, surgery was performed after failure of medical 
management for congestive heart failure. The majority 
of ehildren who were treated surgically for atrial septal 
defect did not have congestive heart failure, and surgical 
closure of the defect was performed electively during the 
period of this study. 

CK MB activity and percent CK MB were linearly 
related to shunt size in infants with an isolated ven- 
tricular septal defect (Fig. 1). The best fit relation was 
a linear relation between Qp/Qs ratio (x) and both 
percent CK MB (y) (not shown; correlation coefficient 
[r] = 0.652 for 35 degrees of freedom; probability [p] 
<0.001) and CK MB activity. | 

The children with a ventricular septal defect were 
further classified on the basis of shunt size as esti- 


TABLE Il PA 
Volume Overload Group 


Age (wk) CHF Surg 


Moderate sized shunt: 
ventricular septal defect 
(n = 15) 

Large sized shunt: 
ventricular septal defect 
(n — 22) 

Large sized shunt: 
atrial septal defect 
(n = 19 

Atrioventricular canal 
(n = 10) 


RV/LVP 
107 + 41 7/15 . 3/15 0.47 


50.9440 16/22 7/22 0.64 


144 + 34 4/19 8/19 0.43 


73.4 + 32 7/10 6/10 0.82 
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CK MB % CK MB 





Abn Mean + SEM Abn Mean + SEM 


Qp/Qs (n) (IU/liter) (n) (96) 
1.77 + 0.07 2/15 1.46 + 0.89 2/15 1107 
3.5 + 0.3 15/22* 12.7 2.5 15/22* 8.3 + 2.5 
3.1 X 0.2 7/19 7.8. d 2.2 4/19 4.2 t 1.7 
3.5 X 0.7 7/10 24.4 X 11.5 7/10! 7/4 3.2 


* p «0.001 when compared with control group. ! p «0.05 when compared with control group. 

Abn = children with abnormal CK MB; CHF = congestive heart failure; large atrial septal defect = Qp/Qs ratio >2; large ventricular septal defect 
= Qp/Qs ratio >2; moderate ventricular septal defect = Qp/Qs <2; Qp/Qs = pulmonary to systemic flow ratio; RV/LVP = ratio of the right to 
left ventricular peak systolic pressure; SEM = standard error of the mean; Surg = surgical closure of the defect. 


mated by the Qp/Qs ratio (Fig. 2). A Qp/Qs ratio of 2.0 
or less was classified as a moderate shunt ventricular 
septal defect, and a Qp/Qs ratio greater than 2 was 
classified as a large shunt ventricular septal defect. Only 
2 (13 percent) of the 15 infants with an isolated ven- 
tricular septal defect and a moderate-sized shunt had 
elevated CK MB activity, a proportion not different 
from that of the control group. In contrast, 15 (68 per- 
cent) of the 22 infants with a large-sized shunt had el- 
evated CK MB activity and a percent CK MB signifi- 
cantly greater than that of children with a moderate 
shunt ventricular septal defect (p «0.02) or children in 
the control group (p «0.001). 

Three of the 15 infants with a moderate shunt ven- 
tricular septal defect eventually required surgery, one 
because of increasing pulmonary vascular resistance, 
one because of acquired pulmonary stenosis (pulmonary 
arterial to right ventricular gradient greater than 40 mm 
Hg) and one because of congestive heart failure. The one 
child initially classified as having a moderate shunt 
ventricular septal defect and operated on for congestive 
heart failure had a significant increase in shunt size from 
her first catheterization at age 4 weeks to her second 
catheterization at age 24 weeks. Her Qp/Qs ratio in- 
creased from 2 to 3.7 and her CK MB activity increased 
from 0 to 18.9 IU/liter. 

There was no significant difference (p = not signif- 
icant [NS] by unpaired t test) in the mean age of the 
children with a large shunt ventricular septal defect and 
children with a moderate-sized shunt (Table II). Total 
CK MB activity and age were not related in children 
with a moderate-sized shunt ventricular septal defect. 
However, age (x) was weakly related to CK MB activity 
(y) in children with a large shunt ventricular septal 
defect (In CK MB activity = 26.42 — 0.469 1n age in 
weeks; r = 0.49, p <0.05). 

To examine further if age may be a determinant of 
CK MB in infants with a ventricular septal defect, we 
compared the total CK MB activity of 10 children with 
a large isolated ventricular septal defect with that of 
10 age-matched children from the control group. The 


mean age in the two groups was 34.7 + 10 weeks and 35.3 
+ 11 weeks, respectively (p = NS by unpaired ¢ test). 
Eight (80 percent) of the 10 children with a large ven- 
tricular septal defect had abnormal CK MB activity 
compared with only 2 of the 10 control children (p 
« 0.005). | 

The 10 infants and children with a left to right shunt 
due to a complete A-V canal defect had the classic 
clinical electrocardiographic and angiographic findings 
of combined atrial and ventricular shunting. Two of the 
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FIGURE 1. Relation between precatheterization CK MB activity and 
estimated intracardiac shunt size (Qp/Qs) in 37 children with isolated 
ventricular septal defect. 
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FIGURE 2. CK MB activities in 37 children with isolated ventricular 
septal defect subdivided into two categories: those with Qp/Qs 2 or less 
(circles at left) and those with Qp/Qs greater than 2 (squares). The 
mean + standard error of the mean of the CK MB activities are shown 
to the right of each scattergram. After assignment of the CK MB activity 
as either “normal” or “abnormal,” a Fisher exact statistical analysis 
of the difference both between the two ventricular septal defect cate- 
gories and between each ef these categories and the hospitalized 
control group (circles at right) was carried out. The p value indicates 
the level of significance of the difference between categories in the 
number of “normal” and "abnormal" CK MB activities. NS = not sig- 
nificant. 


10 children had a Qp/Qs ratio less than 2 due to elevated 
pulmonary vascular resistance and both had no de- 
tectable serum CK MB activity. The remaining eight 
children had a large left to right shunt with a Qp/Qs 
ratio that ranged from 2 to 8.8. Seven (70 percent) of the 
10 had abnormally elevated CK MB activity and per- 


cent CK MB, a proportion significantly different from 
that of the control group (Table II). 

The 19 children with a large left to right shunt 
(Qp/Qs ratio greater than 2) due to an atrial septal 
defect included 5 children with an ostium primum de- 
fect and 13 children with a secundum atrial defect. Only 
7 (37 percent) of the 19 children had abnormally ele- 
vated CK MB activity (p = NS). 

Pressure or combined pressure and volume 
overload group (Table III): CK MB isoenzyme de- 
terminations were performed in 29 infants and children 
with coarctation of the aorta with (n = 9) or without (n 
— 20) an associated ventricular septal defect and 12 
infants and children with aortic stenosis. Those children 
with coarctation and aortic stenosis could be subclas- 
sified on the basis of symptoms of congestive heart 
failure. 

Thirteen (93 percent) of the 14 infants with symp- 
tomatic coarctation of the aorta had dramatically in- 
creased serum CK MB activity, a proportion signifi- 
cantly different from that in the group of asymptomatic 
children with coarctation of the aorta (p <0.001) and the 
control group (p <0.001). In contrast, only 2 (14 percent) 
of the 14 asymptomatic children with coarctation had 
abnormal CK MB activity and percent CK MB (p = NS 
in relation to control group). 

Three (75 percent) of the four infants who under- 
went catheterization for symptomatic aortic stenosis 
had abnormally elevated total CK MB activity and 
percent CK MB; a proportion significantly greater than 
that in the control group. Three (37 percent) of eight 
children with asymptomatic aortic stenosis had ab- 
normally elevated CK MB activity (p = NS in relation 
to control group). 

Cyanotic group (Table IV): CK MB isoenzyme 
activity was determined in 32 children with transposi- 
tion of the great arteries and 31 children with severe 
right ventricular outflow obstruction with or without 
a ventricular septal defect. Sixteen children with 
transposition of the great arteries who had undergone 
either a Mustard or Senning intraatrial repair also had 


TABLE Ill 
Combined Left Ventricular Pressure-Volume Overload Group 
Systolic CK MB % CK MB 
Pressure 
Gradient Abn Mean + SEM Abn Mean + SEM 
Age (wk) VSD CHF (mm Hg)* (n) (IU/liter) (n) (96) 
Symptomatic 3.96 + 1.5 9/15 15/15 40.4+ 5.4 13/15! 64.9 + 23 13/15! 9.1 € 1.6 
infant 
coarctation (n — 15) 
Asymptomatic 415 + 91 0/14 0/14 57.6 + 5.0 2/14 1.43 + 0.8 2/14 1.29+ 0.7 
childhood 
coarctation (n = 14) 
Infant 17.3 X: 8:5 0/4 4/4 63.8 + 18.5 3/41 21.8 + 7.7 3/41 9.2 12.3 
aortic 
stenosis (n = 4) 
Childhood 484 + 69 0/8 0/8 81.0 + 15.8 3/8 6.46 + 2.9 4/8: 44+ 1.6 
aortic 


stenosis (n = 8) 


* LV-Ao gradient = peak te peak systolic pressure gradient between left ventricular and descending aorta in mm Hg. ' p <0.001 when compared 
with control group. + p <0.05 when compared with control group. 
CHF = congestive heart failure; VSD = ventricular septal defect; other abbreviations as in Table ll. 
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TABLE IV 
Cyanotic Group 
" CK MB % CK MB 
Aortic Abn Mean + SEM Abn Mean + SEM 
n Age (wk) O; Sat (%) (n) (IU/liter) (n) (96) 
Right ventricular outflow 31 107.2 + 33 75+31 23/31* 18.5 4 19/31* 4.3 t 0.5 
tract obstruction 
Preop transposition of 32 6.2 + 1.6 62.3 + 3t 29/32* 28.5 + 6.2 29/32* 6.7 + 1.0 
the great arteries 
Postop transposition of 16 96 + 18 92.2+1 5/16 5.7 1:2 6/16 2.6 t 0.8 
the great arteries 





All values are expressed as mean + standard error of the mean. 


* p <0.001 compared with control values (Fisher's exact test); ! p «0.005 (unpaired t test). 
Preop = preoperative; postop = postoperative. Other abbreviations as in Table II. 


CK determinations performed at the time of their 
elective postoperative cardiac catheterization per- 
formed 6 to 18 months after repair. Twenty-nine (91 
percent) of the 32 children with transposition of the 
great arteries had abnormally elevated total CK MB 
activity (Fig. 3). The number of children with transpo- 
sition who had abnormally elevated CK MB activity was 
significantly greater than that in either the control 
group or the group with postintraatrial repair of 
transposition. 

Significant right ventricular outflow tract obstruc- 
tion was defined as a right ventricular to pulmonary 
arterial systolic pressure gradient greater than 45 mm 
Hg (Table III). Twenty (65 percent) of the 31 children 
had significant pulmonary stenosis or atresia and a 
ventricular septal defect and 3 of these children had a 
functional Blalock-Taussig shunt. Ten (32 percent) of 
the 31 children had either significant pulmonary ste- 
nosis or pulmonary atresia with an intact ventricular 
septum and right to left shunting at the atrial level. 
Twenty-three (74 percent) of the 31 children with right 
ventricular outflow tract obstruction had abnormally 
elevated total CK MB activity and 19 (61 percent) had 
abnormally elevated percent CK MB, both proportions 
significantly greater (p «0.001) than those in the control 
group (Table IV). 

A greater number of the infants with transposition 
of the great arteries had an abnormally elevated CK 
MB activity than did infants with right ventricular 
outflow tract obstruction (p «0.05). 'The mean arterial 
oxygen saturation in infants with transposition was also 
lower than that in the infants with right ventricular 
outflow tract obstruction. However, no significant 
relation could be found between the arterial oxygen 
saturation in children with transposition of the great 
arteries at the time of their first catheterization and 
their percent CK MB or CK MB activity. 


Discussion 


This study demonstrated that children with certain 
congenital cardiac abnormalities have significantly el- 
evated serum percent creatine kinase MB (CK MB) and 
CK MB activity. By simultaneously determining the 
serum CK MB activity and the hemodynamic charac- 


teristics of children with congenital cardiac abnor- 
malities it has been possible to identify some of the 
hemodynamic determinants of the serum CK MB 
level. 

Role of pressure-volume overload: Children with 
a symptomatic large left to right shunt lesion such as 
A-V canal defect or isolated ventricular septal defect 
had significantly elevated serum CK MB activity. In the 
children with an isolated large shunt ventricular septal 
defect and left ventricular volume overload, serum CK 
MB activity was linearly related to the severity of the 
volume overload and shunt (that is, Qp/Qs). Acute left 
ventricular pressure overload, such as would be ex- 
pected in the infants with isolated and severe aortic 
stenosis or coarctation of the aorta, and acute left ven- 
tricular pressure-volume overload, such as would be 
expected in the infants with coarctation and a ventric- 
ular septal defect, also were associated with significant 
elevation in the serum CK MB activity. 

The age of the child with a large ventricular septal 
defect of left ventricular outflow obstruction may also 
be a variable in the myocardial consequences of left 
ventricular pressure-volume overload including cell 
injury and CK MB release. Our data indicate that older 
children with a ventricular septal defect, aortic stenosis 
or coarctation of the aorta were less likely to have sig- 
nificantly elevated serum CK MB even with a compa- 
rable sized shunt or systolic pressure gradient. In 
practice, some older children with a large ventricular 
shunt and normal pulmonary vascular resistance appear 
to have compensation for their volume overload and are 
symptom-free.!? It is possible that myocardial hyper- 
trophy and chamber dilation in response to pressure- 
volume overload are important time-dependent com- 
pensatory mechanisms that may improve oxygen sup- 
ply-demand balance and hence obviate cell injury. 

'Thus, we speculate that acute left ventricular pres- 
sure-volume overload in infants may result in cell injury 
and myocardial release of CK MB early in the natural 
history of the lesion when there may be elevation of 
myocardial wall tension, low systemic output and low 
coronary perfusion pressure. 

Relation to symptoms of congestive heart failure: 
In general, those congenital cardiac abnormalities that 
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FIGURE 3. Precatheterization CK MB activity in children with trans- 
position of the great vessels (TOGV) proved at catheterization. The 
mean standard error of the mean for each subgroup are shown to the 
right of the group with preoperative transposition (filled circles), the 
group that underwent postintraatrial baffle procedure (triangles) and 
the hospitalized control group (open circles). The p value indicates the 
level of significance of the difference between the subgroups. Abbre- 
viations as in Figure 2. 


resulted in severe symptoms of congestive heart failure 
due to left ventricular pressure-volume overload had 
elevated serum CK MB activity (Tables II and IID. On 
the basis of the observed relation between Qp/Qs ratio 
and CK MB activity, children with an isolated ven- 
tricular septal defect and a shunt with a Qp/Qs ratio 
greater than 2.3: 1 would be predicted to have a percent 
CK MB or total CK MB activity significantly greater 
than that of the control group. The calculated relation 
between shunt size and CK MB activity in this study 
closely parallels the accepted relation between shunt 
size and the severity of symptoms in infants with a 
ventricular septal defect.” In contrast, the majority of 
the infants with a large atrial shunt of comparable size 
(Qp/Qs ratio less than 2) were asymptomatic and did 
not have elevated serum CK MB activity (Table II). 
Infants with aortic stenosis and coarctation of the 
aorta had greatly elevated serum CK MB activity 
(Table IV) and had severe symptoms when they pre- 
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sented. All infants required emergency surgical inter- 
vention. Conversely, children older than 40 weeks with 
aortic stenosis or coarctation of the aorta and a com- 
parable systolic pressure gradients rarely had significtint 
elevation in serum CK MB activity, and did not have 
significant clinical symptoms. 

Elevated CK MB activity has been reported in a few 
adult patients with congestive heart failure; however, 
the role of accompanying coronary vascular disease has 
made it difficult to exclude the possibility that the 
congestive failure was due to a worsening of coronary 
vascular disease with subsequent CK MB release.!:? Our 
results suggest that both the symptoms of congestive 
heart failure and abnormally elevated serum CK MB 
activity may be important indicators of significant 
myocardial injury in children with congenital cardiac 
abnormalities without associated atherosclerotic coro- 
nary artery disease. 

Role of central cyanosis: Children with cyanosis 
due to either transposition of the great arteries or right 
ventricular outflow tract obstruction had significantly 
elevated serum CK MB activity. Those infants with 
transposition had significantly higher CK MB activity 
and lower arterial oxygen saturation levels than did 
infants with right ventricular outflow tract obstruction. 
Myocardial oxygen supply in cyanotic congenital heart 
disease may be limited, particularly when oxygen de- 
mand is increased, as suggested by other studies.! 1? In 
this situation, myocardial hypoxemia could result in 
myocardial damage as indicated by the elevation in CK 
MB activity, and the ventricular dysfunction that per- 
sists in children with transposition of the great arteries 
after reparative operation.!? 

Comparison with previous studies: Two previously 
published reports,?^^ using methods for determining CK 
MB activity comparable with those reported herewith, 
concluded that serum CK MB was not significantly 
greater than normal in children with congenital cardiac 
abnormalities. We agree with this general premise, but 
add that infants with either severe cyanosis or severe 
hemodynamic abnormalities, or both, can demonstrate 
significant CK MB elevation. With respect to serum CK 
MB activity the anatomic abnormality of the heart, such 
as ventricular septal defect or transposition of the great 
arteries, may be less important than the hemodynamic 
consequences or severity of the defect. 

A key consideration both in the design of this study 
and in the interpretation of the results was the source 
of CK MB activity found in the serum. In adults serum 
CK MB activity has been widely utilized as a marker of 
myocardial cell injury.-? The release of MB isoenzyme 
from skeletal muscle in certain cardiomyopathies!4 and 
from the pregnant uterus!? are the only recognized ex- 
ceptions to the premise that serum CK MB is a reliable 
marker of myocardial injury in adults. There are con- 
flicting data on the *normal" CK MB activity in chil- 
dren. Premature infants were reported to have higher 
CK MB activity than that of normal adults,!6 mani- 
festing maximal levels between 12 and 24 hours after 
birth. In contrast, Nelson et al.* reported that serum CK 
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1, as well as the discrepancy between the values in 
- newborn infants reported by Nelson et al.,* is unclear. 
-As pointed out by Sutton et al.,!7 it is possible that there 
is some myocardial damage associated with normal 
- vaginal delivery or perhaps there may be an unidentified 
. source of CK MB activity in the newborn. Because it is 
. not possible to identify unequivocally the source of CK 
_ MB in the serum, caution must be used in interpreting 
- the significance of elevated CK MB in the newborn in- 
, fant at this time. However, the majority of the infants 
_ in our control group, as well as those with congenital 
. cardiac abnormalities who underwent catheterization, 
< were more than 48 hours old. The elevated CK MB ac- 
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Both: Cortelation-of serum CK.MB activity ie t 
hemodynamic and anatomic characteristics of tl 
congenital cardiac abnormality may be indicative of t 


Combined with other modalities, serial CK MB ac 
determinations may be useful in semiquantitati ve 
assessing the efficacy of medical or surgical interve 
tions in reducing the cell injury of congenital cardiac 
abnormalities. 
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Forty-four patients, aged 6 months to 11 years, meeting the clinical criteria 
for mucocutaneous lymph node syndrome (Kawasaki disease) were 
studied from March 1980 to March 1981. A protocol was designed for 
evaluation of cardiac involvement including electrocardiogram, chest X- 
ray film, cardiac enzyme determinations and M mode and two dimensional 
echocardiograms. Aspirin was given during the acute febrile period as 
an anti-inflammatory agent in a dosage of 100 mg/kg per day; followed 
by 30 mg/kg per day for 10 weeks or longer if platelet counts were ele- 
vated. Angiocardiography was performed in 38 patients. Twenty-one 
patients (48 percent) showed abnormal M. mode echocardiographic 

findings (flat or greatly decreased ventricular septal motion, pericardial 

effusion or decreased left ventricular function) during the acute febrile 

stage. Coronary artery disease developed in seven patients, all of whom 

had abnormal M mode echocardiographic abnormalities in the acute 

stage. Five patients had coronary aneurysms and two patients had dilated 

coronary arteries. Two dimensional echocardiograms identified coronary 

arterial lesions accurately if present proximally but failed to detect an- 

eurysms beyond 1.5 cm from the aortic root. The study shows that serial 

M mode and two dimensional echocardiograms provide sufficient infor- 

mation to rule out cardiac involvement in Kawasaki disease. Echocardi- 
ograms should be obtained every 3 to 4 days during the acute febrile stage 

because all patients with coronary artery disease detected with angiog- 

raphy had abnormal echocardiographic findings during that period. 


The mucocutaneous lymph node syndrome (Kawasaki disease) is an 
acute febrile exanthematous illness with multisystem organ involvement: 
occurring almost exclusively in infants and children. An increasing 
number of cases have been reported in the United States as well as in 


other parts of the world.!-!! This disease appears to be benign and 


self-limited in most instances. However, extensive cardiac involvement. 
may cause sudden death due to myocardial infarction from occlus e 
coronary artery disease, rupture of a coronary aneurysm or conduction. 
abnormalities.” As a result, it has become important to establ : 
noninvasive diagnostic method for assessing cardiac involvement 
disease. The recent advances i in coronary arterial bypass surg 
children with large coronary. aneurysms. or obstructive lesions,!2 
both, have prompted early diagnosis and careful follow-up study of 
children. ee aui 01 have described various noninvasi 
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. cocutaneous lymph node syndrome and to assess the 
_ risk of having coronary artery disease. 


Methods 


. | Study patients: Forty-four patients, aged 6 months to 11 
jj years, meeting clinical criteria for the mucocutaneous lymph 
- node syndrome were studied consecutively and prospectively 
- from March 1980 to March 1981. Of these 28 were boys and 
::16 girls; 40 children were Caucasian, 2 were black, 1 Oriental 
and 1 Indian. The study group was composed only of patients 
" admitted to our hospital within 10 days after the onset of the 
- illness and consisted of children identified in the outpatient 
department as well as those referred from associate pedia- 

: tricians in the surrounding metropolitan area. 
_ The diagnosis of the syndrome was made by standard 
= criteria (Table I). Additional laboratory studies were done 
_ to rule out infectious or collagen diseases. Once the diagnosis 
- was made, the patients were admitted to the hospital and 
. managed according to a protocol consisting of various hema- 
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cardiograms and echocardiograms were p 
week for 2 weeks and weekly for 4 weeks or lo 
malities persisted. Therapy with aspirin, 100 mg ake per. 
was given to all patients until platelet counts were nori 
10 weeks after the onset of illness, whichever came la 
Echocardiography: M mode echocardiogr: 
tained using a Picker Cardiac Imager interfaced witt 
eywell strip chart recorder and a 5 or 3.5 megah tz 
ducer. Cardiac function was assessed from the rt 
fraction and left-sided systolic time intervals. The s 
fraction (SF) was calculated from the equation by the usua 
method: SF(percent) = (LVDD — LVSD)/LVDD x 100 
where LVDD = left ventricular diastolic dimension and LVSD 
= left ventricular systolic dimension. Because the shorte 
fraction is derived from the diastolic and systolic dimensio 
of the left ventricle, which involve the ventricular septi im 
posterior wall, abnormal movement of these surfaces res 
in erroneous interpretation. Therefore, the shortening ! frac 
was not measured in patients with decreased or flat ventricula 
septal motion. Systolic time intervals were measured with 
method described previously. The left ventricular preejecti 
period (PEP) was measured from the Q wave in the elec 
cardiogram to the aortic cusp opening. The left ventricula 
ejection time (LVET) was measured from the aortic cus] 
opening to closure. 
Left ventricular posterior wall motion and ventricula 
septal motion were evaluated at the point where the M mode 
beam was just beyond the maximal mitral valve echo in the 
left ventricle. The amplitude of the ventricular septal excur- 
sion was measured from the left side of the ventricular septum. 
at the R wave of the electrocardiogram to its maximal excur 
sion posteriorly. Posterior left ventricular wall motion was. 
measured from the position of the posterior endocardium at 
the R wave of the electrocardiogram to the pomt of maximal 






















































'IGURE 2. ‘Case 2. A, ee from a 6 year old child during the acute febrile period, showing flat ventricular Mm (vs) ake suggesting 
T yorartialt ischemia. Note the normai posterior wall (pw) motion. B, 2 weeks later, showing improved ventricular septal motion. 


. anterior motion of the endocardium (Fig. 1). The two di- 
| mensional echocardiogram was recorded with a Picker 80 C 
- Cardiac Imager with a 3.5 or 5 megahertz transducer. The 
- sector angle was 30 to 60° at 45 images/s. Images were re- 
| corded on a Sanyo videotape recorder for playback and 
- analysis. A single stop motion frame was photographed di- 
rectly from the television monitor with a Polaroid? camera 

* system. | 

' C The patients were examined in the supine position; images 
- were obtained with use of the standard parasternal view. Once 
the aortic root was visualized from the left parasternal short 
- axis view at the level of the great vessels, the transducer was 
. angled slightly superiorly. At this level, the ostium of one or 
_ both coronary arteries was visualized. To trace the coronary 
- arteries farther distally, the transducer was rotated 20 to 30° 
.. clockwise or counterclockwise for optimal visualization. The 
"right coronary artery was best visualized with slightly more 
- angulation toward the right shoulder. If visualization was 
-. inadequate, different interspaces were attempted while sliding 
* the transducer slightly laterally or medially until the best 
. image was achieved. If these techniques were not sufficient, 
_ the transducer was placed at the apical position and angled 
' superiorly and rotated 29 to 30° in each direction until the 
. coronary artery was best visualized. 

-. Angiocardiography: Angiocardiographic studies were 
. performed in 38 patients 2 months after the onset of the dis- 
ease or at the time of two dimensional echocardiographic ev- 
idence of coronary artery disease. Aortic and left ventricular 
ngiograms were obtained using standard techniques. 


Results 

.M mode echocardiographic findings: M mode 
chocardiographic study revealed that 21 (48 percent) 
f the 44 patients had abnormal findings during the first 
2 days of illness, which was considered the acute febrile 
tage. Flat or greatly decreased ventricular septal mo- 
on (Fig. 2), the most common abnormality, was 
present in 14 patients (32 percent). The amplitude of 
entricular septal excision in those patients was less 
han 2 mm. It was greatly decreased compared with the 







































normal range ¢ of 4 to "16 nahi with a mean + Peat, 


to moderate amount of pericardial! effusion without any 
clinical evidence of hemodynamic disturbance. Severe 
congestive heart failure was present in five patients, all 
of whom required inotropic therapy (digoxin or dopa- 
mine) during the acute stage followed by long-term di- 
goxin therapy. Their echocarciographic findings con- 
sisted of decreased shortening fraction ranging from 20 
to 27 percent and an increased PEP/LVET ratio (0.40 
to 0.49). The normal values for shortening fraction and 
PEP/LVET in our laboratory are 34 + 5.2 percent and 
0.33 + 0.04, respectively. M mode echocardiographic 
abnormalities i in the acute stage of the disease returned 
to normal after the febrile period except in two patients 
who continued to have heart failure. 

Electrocardiographic findings: Electrocardio- 
grams were reviewed for prolonged P-R and Q-Tc in- 
tervals and abnormal ST-T changes. Fifteen patients 
had one or more of these abnormalities as well as ab- 
normal M mode echographic findings. Two patients 
with coronary artery disease had a normal electrocar- 
diogram. 

Two dimensional echocardiographic and angio- 
graphic findings: Seven patients had coronary artery 
disease demonstrated on angiographic study (Table II). 
The remaining patients did not show any evidence of - 
abnormalities in the left ventricle or coronary arteries. - 
Two dimensional echocardiography reliably detected 
aneurysms involving the proximal portion of the coro- 
nary arteries within 1.5 cm from the aortic root and 
predicted all cases of aneurysm at the suspected areas 
of aneurysm (Fig. 3 and 4) except in Patient 7. We were 
also able to monitor changes in the size of the coronary - 
aneurysms (Fig. 5). Two dimensional echocardiography - 
failed to delineate a small aneurysm of the distal right . 
coronary artery in one patient. In another patient, a . 
dilated left main coronary artery was seen on two di- — 
mensional study, but the subsequent coronary angio- 
gram revealed that the patient had a short, wide left 
main coronary artery. All seven patients who proved to 
have coronary disease on angiographic study had ab- — 
normal M mode eehocardiographie: fi ings during the * 
acute febrile period. = 























Echocardiographic and Anglocardiographic Findings 








in Seven Patients With Coronary Artery Disease 


Sw. =. Two Dimensional M- Mode cooo 
. Case Age. Sex Race Angio Echocardiography Echocardiography oo 
| ` 44 mo W Multiple aneurysm, Multiple aneurysm, PE, | SF, TST 
both CA prox CA 
^ 6yr B Multiple aneurysm, Multiple aneurysm, Flat VS, 1 STI T LVD 
both CA prox CA 
W Single aneurysm, Single aneurysm, Markedly į VS 
prox RCA. prox RCA | 
W Single aneurysm, Single aneurysm, | VS, PE 
prox RCA prox RCA 
W Single aneurysm, No aneurysm Flat VS, PE 
distal RCA 
B Dilated CA, Dilated CA Flat VS 
LV asynergy 
1 yr M Dilated CA Dilated CA Flat VS, PE 


5 Angio = angiocardiography; B = black; CA = coronary arteries; LV = left ventricular; LVD = left ventricular dimension; PE = pericardial effusion; 
prox = proximal; RCA = right coronary artery; SF = shortening fraction; STI = systolic time interval; VS = ventricular septal motion; W = white; 
| = decreased; 1 = increased. 
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Discussion on clinical criteria that have been established previ- - 
dI ously. Because there are no definitive diagnostic tests, _ 
_ Since the mucocutaneous lymph node syndrome was other clinically similar conditions such as scarlet fever, _ 
first recognized in 1967,!° more than 15,000 cases have rheumatic fever, drug reaction and rheumatoid arthritis _ 
been reported in Japan. After the first report in the must be excluded. p GE 
United States by Melish et al.,! an increasing number Cardiac involvement in mucocutaneous lymph | 
of cases were recognized. The diagnosis is based solely node syndrome: The prognosis of the mucocutaneous _ 












IGURE 3. Case 1. A, ascending aortogram in a 14 month old infant showing large aneurysms in the right and left coronary arteries (arrows) 
. two dimensional echocardiogram showing corresponding aneurysms (A) in the right (black arrow) and left (white arrows) coronary arteries. AO 
-= aortic root. | aX 2 c. d 




















FIGURE 4. Case 4. One single aneurysm noted in the right coronary 
artery on angiography (top arrow) and two dimensional echocardiog- 
raphy (A) (bottom) in a 3 year old child. AO = aortic root. 


lymph node syndrome may depend on the extent of 
cardiac, coronary arterial and cerebral arterial in- 
volvement. The important pathologic changes are 
pancarditis, coronary arteritis and inflammation of the 
conduction system. Coronary arterial involvement may 
lead to coronary arterial occlusion or aneurysm forma- 
tion possibly complicated by myocardial infarction. 
Desth appears to be related to involvement of the con- 
duction system or coronary arterial disease leading to 
. extensive myocardial damage. Death due to cerebro- 
> vascular accident has been reported. Accumulation of 
-< blood platelets in an area of ischemic myocardium may 
-~ cause progressive vascular obstruction. Inhibition of 
. platelet aggregation may prevent platelet-mediated 
| vascular obstruction, thus improving blood flow to the 


- ischemic areas.!9-?? Currently a small dose of aspirin is 


recommended to prevent platelet aggregation in 
. postmyocardial infarction.?! With the same purpose in 
. mind, aspirin has been used in pediatric patients with 
— the mucocutaneous lymph node syndromes. Kato et 
al.’ suggested that aspirin may prevent thrombotic 
occlusion of a coronary artery, thus preventing sudden 





ceath due to this syndrome. Therefore, aspirin has been 
used in the hope of reducing the incidence of coronary 
arterial thrombosis. f 

Identifying coronary arterial lesions: Many én- 
vestigators!^- 73 have discussed the possibility of 
predicting coronary artery disease with noninvasive 
methods. Two dimensional echocardiography has been 
effective in detecting aneurysmal changes in the prox- 
imal portion of the coronary artery but false negative 
findings have been the major disadvantage. Because an 
aneurysm appears as an echo-free space it is easily de- 
tected with two dimensional echocardiography when 
present proximally. However, technical difficulties in 
icentifying coronary arteries and failure to image the 
distal part of the coronary system limit the value of two 
dimensional echocardiography. Nuclear cardiac scan- 
ning has been reported to be effective in a small number 
of children with myocardial infarction due to coronary 
arterial occlusion.!" Despite extensive noninvasive study 
during early or convalescent periods, no single nonin- 
vasive method has been reliably predictive of the de- 
velopment of coronary artery disease. A clinical study 
by Hiraishi et a..** revealed that there was no distinct 
relation between acute stage carditis and subsequent 
development of coronary artery disease. Therefore, 
angiocardiography has been considered the standard 
procedure in patients with Kawasaki disease to delin- 
eate coronary arterial involvement. 

Echocardiographic findings during acute febrile 
period: Our prospective study using frequent M mode 
and two dimensional echocardiographic studies indi- 
cated that all patients with coronary artery disease 
demonstrated on angiocardiography had abnormal M 
mode echocardiographic findings during the acute fe- 
brile period, which was considered the active inflam- 
matory stage. Pericardial effusion and congestive heart 
failure have previously been described the mucocuta- 
neous lymph node syndrome. An additional echocar- 
dicgraphic abnormality was flat or greatly decreased 
ventricular septal motion with normal posterior wall 
motion without right ventricular chamber dilation, 
findings that have been described in patients with cor- 
onary artery disease involving the left anterior de- 
scending coronary artery.” However, no morphologic 
proof of localized ventricular septal involvement in the 
mucocutaneous lymph node syndrome exists to our 
knowledge because cardiac involvement in this disease 
has been diffuse on postmortem examination. There- 
fore, the most suitable hypothesis may be that the cor- 
onary arterial blood distribution of the ventricular 
septum is supplied solely by the left anterior descending 
branch, whereas the posterior left ventricular wall has 
a dual supply (left circumflex branch and right coronary 
artery). During the acute inflammatory phase, pan- 
vaseulitis involving vasa vasorum of the coronary arte- 
ries causes myocardial ischemia. As a result of the 
supply by a single coronary branch, the ventricular 
septal area shows more ischemic changes resulting in 
decreased motion. However, the angle of the ultrasonic 
beam with respect to a moving target influences the 











FIGURE 5. Case 1. A, two dimensional echocardiograms in a 14 month old infant showing à dilated left coronary artery (small arrow) and a small i 


aneurysm (heavy arrow) in the right coronary artery during the 3rd week of illness. B, over the course of the next 2 weeks, multiple large aneurysms 


- (A) (arrows) were noted. AO = aortic root. 


amplitude of motion on echocardiography, and the 
amplitude of ventricular septal motion may be slightly 
decreased if the transducer is less perpendicular to the 
ventricular septum. The ventricular septal motion is 
also diminished in normal children if the transducer 
beam is directed toward the ventricular septum near the 
aortic root. Therefore, the transducer should be placed 
to detect the maximal amplitude of the ventricular 


-+ septal excursion. 


Implications of study: All of our patients who 
proved to have coronary artery disease had M mode 
-echocardiographic evidence of cardiac involvement 


-. during the acute inflammatory stage, a finding different 














.. from that of Hiraishi et al.” It therefore appears that 
.. patients with M mode echocardiographic evidence of 
— flat or decreased ventricular septal motion, pericardial 














effusion or congestive heart failure as single or combined | 
findings are at greater risk of having coronary artery 
disease, and these abnormalities are the early markers 


for possible cardiac involvement in the mucocutaneous 


lymph node syndrome. 

Our experience indicates that normal serial M mode 
and two dimensional echocardiograms are sufficient to- 
rule out cardiac involvement in the mucocutaneous: 
lymph node syndrome. It is particularly important to 
obtain several echocardiograms during the acute febrile 
stage because all of our patients with coronary artery 
disease showed M mode echocardiographic abnor- 
malities during that period. Those who have abnormal. 
echocardiographic findings may be considered for an- | 
giocardiographic study to delineate the extent of cardiac | 
involvement. PE 
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ARD A. MEYER, MD, FACC Serial echocardiography was performed i in51 children with isolate 
-JOA N C. -KORFHAGEN, BS | cundum atrial septal defect before and after surgery to: meas 
WESLEY COVITZ, MD, FACC s of chronic right ventricular overload on ventricular function. Right v 
ae SAMUEL KAPLAN, MD, FACC - | tricular dilation increased dramatically with growth and with size of the 
| left to right shunt only in the youngest children (body surface area | 1 
than 0.5 m?). A lesser effect of growth and no significant effect ut shunt 
size were noted in older children. 
Although an initial decrease in right vehtricitàr size occurred h the fir 
3 months after operation, persistent right ventricular dilation remained 
up to 5 years after closure of the interatrial defect in more than 80 perc 
‘of patients. Preoperatively, the ratio of the right ventricular pree ection 
period to ejection time was significantly less than that of normal childre 
This ratio increased dramatically after operation, exceeding i normal val 
early in the postoperative period in 18 of 48 children and persisting in 
of 22 after 3 months. Left ventricular dimensions were normal early at 
late after operation. Left ventricular function was apparently normal, a 
though an exceptionally high shortening fraction was noted in 22 (44 
percent) of 51 children after operation. Aortic systolic time interval ratios 
decreased after operation from high normal to low normal values. : 
It is hypothesized that the persistent enlargement of the right. ventricle 
after operation may be due to the chronic preoperative dilation secondary 
to chronic interatrial shunting. The abnormally high. shortening fraction 
after operation may result from an abnormal left ventricular geometric 
configuration or abnormality of filling. It is suggested that surgical closure 
of the atrial defect in the first 3 years of life may prevent these abnc 
malities. 
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The echocardiographic and angiographic features of right venteióuda 
volume overload in atrial septal defect are right ventricular dilation an 
abnormal ventricular septal motion.!?-19 Early postoperative echoc 
diographic data show a decrease in right ventricular dimension and 
|. turn of septal motion to normal in most children.9-19 Post: 
- modynamic status is reported to be normal. However, a 
diac ee response to exercise 6 has been S denti 







Eug diastolic columns, distensibilite E stroke reve 1 
| erative left ventricular volume was found t to be norm 
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nsf 13 children 3 to 5 years after repair. 
nd-diastolic dimension was measured in 44 
rand a late us months to 5 ond after op- 


phy years peopel. Left ami time interval ratios 
vere available in 58 preoperative studies and in 88 postoper- 
itive. studies of which 26 were made 2 to 5 years postopera- 
ively. | 
Group 2 consisted of seven children (aged 3 months to 4 
- years) with a body surface area of less than 0.5 m? who had an 
atrial septal defect but were awaiting surgery. Serial echo- 
_cardiograms were available in six of these seven children. 
roup 3 consisted of 101 normal children of comparable age 
size who had normal results on cardiovascular examina- 
tion and served as control subjects. 
Echocardiography: The echocardiograms were obtained 
with a Hoffrel 101A ultrasonoscope and recorded on a Cam- 
bridge multichannel physiologic strip chart recorder. The peak 
output of the echocardiograph was less than 5 watts/cm?. A 
3.5 or 2.25 megahertz transducer with a near focus and outer 
diameter of 6 rum was utilized. The patients were examined 
‘in the supine position. 
To record the left ventricular dimensions we positioned 
he transducer along the left sternal border in an appropriate 
erspace until a strong anterior mitral valve echo was re- 
'ded with the transducer perpendicular to the mitral valve. 
left ventricle was scanned along its major axis from the 
of the anterior and posterior mitral valve leaflets into the 
trium. The left ventricular end-diastolic dimension 
D) was measured from left ventricular posterior wall 
ar lium to left septal surface just inferior to the atrio- 

ON e Q wave of the simultaneously re- 
T a a The left ventricular ive tae 
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FIGURE 1. Preoperative right ventricular dimension in 51 patients with 
atríal septal defect (Group 1). Solid lines represent the mean and 2 
standard deviations. above in the specified age range. Overlap is to 
accommodate children who are large or small for their age. 


tricle marked the location for left atrial measurements. The 
left atrial dimension was measured from the left atrial endo- 
cardium to the posterior surface of the posterior wall echo at 
end-systole.!? 

The right ventricular systolic time interval ratio was 
computed as described by Hirschfeld et al.!5 The preejection 
period was measured from the aforementioned pulmonic valve 
leaflet. T'he ejection period was measured from the afore- 
mentioned pulmonic valve opening to the closure point. The 
left ventricular systolic time intervals were similarly measured 
from the aortic valve echogram. The ratio of the preejection 
period to the ejection period was used because it is minimally. 
influenced by changes in heart rate and age. 


Results 
Preoperative 


Group I: The right ventricular dimension exceeded 
normal values in 48 of the 51 patients (Fig. 1). There was 
a weak relation between Qp/Qs ratio and right ven- 
tricular dimension in patients with a body surface area 
of 0.6 to 1.3 m? (r = 0.54) (Fig. 2). There was a weak 
correlation of right ventricular dimension with body 
surface area when children with a similar Qp/Qs ratio. 
were examined (r = 0.48). In 46 (90 percent) of the 51. . 
echocardiograms, septal motion was abnormal. The left | 
ventricular dimension and shortening. fraction were not. - 
measured. The mean left atrial dimension was 2.1 
with 90 percent of the dimensions being normal (tw 
were smaller and four larger than normal) ^. 
The! mean ^ right ventricular systolic time interve 
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E FIGURE 4. Preoperative serial measu 
: showing the natural history of right ventri 
defect. The shaded area represents th 


eee the control group. 
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.. PULMONARY TO SYSTEMIC FLOW RATIO | Tw 
GURE 2. Relation of preoperative right ventricular dimension and the dimension of the right ventricle and th 
is pulmonary to systemic flow ratio in three groups of children of similar in this small group (rz 0.81) (Fig. 5). Flat paradi 
Vody surface area (BSA). Rs septal motion was present in five of these seve 


$143 MM Postoperative | ae : 
- 0.34 +0.07 [mean + standard deviation]) when com- Left ventricular dimensions and function: 
pared with the control value (0.33 + 0.07) (Fig. 3). septal motion returned to normal in 23 (55 percen 
Group II: In the seven children with a body surface 42 patients by 3 months after operation and ir 
area of less than 0.5 m? the right ventricular dimension percent) of 35 thereafter. Although th 
ranged from 1.2 to 2.2 cm. All but one child had a normal ventricular dimension decreased from 
right ventricle when first examined; yet as they grew so the first 3 months after operation, it rer 
id the ventricle. Eventually right ventricular dimen- cantly larger than normal (p <0.01) an 
on exceeded the normal range in four of six children crease was not noted during the rema 
(Fig. 4). In addition, a strong relation was noted between 


CONTROL 


ean left (LSTI and right (RST) 
'(PRE-OP) early and late, FIGURE 5.. 
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e: lar dimension in patients with atrial septal 
poperatively (PRE-OP) and postoperatively (POST-OP) 


iension of 3.0 cm in 23 patients early in the postoper- 
ive period was the same as that in the control subjects 
ho were of comparable age and size. The mean left 
entricular dimension (3.9 cm) in 31 patients late 
postoperatively was also not significantly different from 
that in the control group. 
The shortening fraction of the left ventricle in pa- 
ents with normal septal motion during the early 
postoperative period exceeded the 95 percent confi- 
dence limits of the mean for the control group in 11 (44 
percent) of 25 patients (Fig. 7). In the late postoperative 
period the shortening fraction was elevated in 11 (42 
percent) of 26 patients. 
ft atrial dimensions: Early in the postoperative 
iod the mean left atrial dimension (2.4 cm) in 42 
nts was significantly increased from preoperative 
s (p <0.05). However, there was no significant 
ange during the interval between the early and late 
perative periods (mean 2.5 cm) in 21 of 42 patients. 
pite the increase, mean atrial dimension after op- 
ion exceeded 2 standard deviations from the control 
) mean and was considered abnormally large in 
24 percent) of 42 patients in the early postop- 
od and in only 5 (18 percent) of patients in 
ostoperative period. Thus, most atrial di- 
age and size. ; 
olic time interval ratio: The 






























postoper 
al ratio compared 
perative right 
s varied widely 
0.10), but 6 of 22 
ipared with control 
systolic time interval 
preoperative values 
<0.001) (Fig. 3). In 
repeat cardiac cath- 
osure of the defect, 
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FIGURE 7. Left ventricular shortening fraction after operation (POST-OP) 
in 41 patients. Each child is represented only once. The latest mea- - 
surement was recorded. The dashed line and shaded area represent 
the control group values. 


Discussion 

Persistent right ventricular enlargement after 
closure of atrial septal defect: Our data reemphasize 
the marked right ventricular dilation seen preopera- 
tively in children with atrial septal defect and reaffirm 
the significant reduction in right ventricular size in the 
early postoperative period. Although a high incidence 
rate of right ventricular enlargement on X-ray exami- 
nation and electrocardiography has been reported after 
long-term follow-up study of children with an atrial 
septal defect,! the finding of persistent right ventric- 
ular enlargement 5 years after operation without no- 
table change beyond the 3rd postoperative month has 
not previously been appreciated. Since our preliminary 
observation that right ventricular enlargement persists 
after closure of the defect,!” two studies have drawn 
similar conclusions. Pearlman et al.? found persistent 
right ventricular dilation in 31 patients after closure of 
the atrial defect. Cardiac catheterization performed in 
these patients postoperatively revealed a residual shunt 
in only one. Only 12 patients in that study were children 
and the follow-up period was less than 1 year in most 
instances. Wanderman et al.!? similarly demonstrated 
noninvasively that right ventricular enlargement was 
common after closure of a secundum atrial defect. Only 
10 of their patients were children and of those only 3 had 
both pre- and postoperative studies. 



























or an increased right ventricular dimension in infant 


r id of an extremely large shunt and thus examined only 
effect of small increases in shunt magnitude on the 
le. When the Qp/Qs ratio was greater than 
nsistently associated with a very large right 
er when the Qp/Qs ratio was 1.5 to 3.4 
lation. 'Thus, including a dispropor- 
ber of extremely large shunts, especially 
gu g the older subjects, would tend to suggest a weak 
; -relation between right ventricular dimension and the 
- Qp/Qs ratio. Although the Fick method is not always a 
- reliable measure of shunt size in patients with atrial 





- . septal defect, a relation exists between the Qp/Qs ratio 


and right ventricular dimension in infants that is not 
seen in older children. 

^ Right and left ventricular function postopera- 
-. tively: The increase of right ventricular systolic time 


interval ratios from low preoperative values to abnor- 


. mally high values in the early postoperative period 


.. suggests that a change in pulmonary vascular resistance 
.. or capacitance or transient right ventricular dysfunction 
occurred, because conduction delays were not noted in 
. postoperative electrocardiograms to explain the ele- 


vated right ventricular ratios. Perhaps the elevated 
ratios resulted from the extracorporeal circulation 
during closure of the defect. Another possibility is that 
- immediate reduction of the right ventricular dimension, 
- and hence preload, contributed to a transient elevation 
of the ratio. In patients in whom late follow-up data 
were available right systolic time interval ratios re- 
-mained abnormally high in 6 of 22 patients, a finding 
Us that i is unexplainable. 
— Wanderman et al.!? found in an older group of pa- 


tients that an abnormally high preoperative left systolic 


time interval ratio decreased to normal after closure of 
the atrial septal defect. They interpreted this finding 
as suggesting that left ventricular function returned to 
normal. The children in our study similarly had a sig- 
nificant decrease in the left ventricular systolic time 
interval ratio after operation, but the ratio decreased 
only from high normal to low normal (which we believe 
is due to the increased preload to the left ventricle after 
closure of the atrial defect). 

The evolution of right ventricular dilation and its 
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h a larger Qp/Qs ratio, the relation did not hold for 
ider children. A possible explanation for our finding, — 
hich conflicts with the findings of other investiga- | 
rs, is that our data isolated the effects of varying age - 


considerable concern in view of reports of abnormal le 
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ffect on left ventricular volume and function is. of - 


ventricular function in children and adults after ope 
ation.! 1? A reduced cardiac output response to mi 
mal exercise is believed to be related to the preopera 
chronically decreased left ventricular volume, str 
volume index and distensibility.? Postoperative ang 
ographic left ventricular volumes in four children wi 
an atrial defect were reported to be normal.* Our d 
mensional data concur with those findings. The abruj 
changes in left ventricular volume from abnormal 
small preoperative values appear to be relate 
relief of the right ventricular volume overload and 
increased volume delivered to the left ventricle asare- 
sult of closing the atrial defect.’ oe 
The significantly increased shortening Fraction of 
the left ventricle observed in our patients suggestsan 
abnormality of contractility. Increased shortening 
fraction has been shown to occur when preload is 
abruptly increased in the normal left ventricle,!* which . 
may happen in the early postoperative period. However, - 
the shortening fraction in our patients remained ele- - 
vated as long as 5 years after operation, suggesting that - 
normal adaptation as a result of growth of the left ven- 
tricle was no longer possible at the age when surgery was * 
performed. - 
Surgical implications: The full effect of the right 
volume overload appears to be manifested in the young _ 
child between 1 and 3 years of age when body surface _ 
area is less than 0.5 m?. If it is indeed the chronicity of | 
right volume overload and decreased left ventricular 
volume during a period when normal rapid growth in. 
left ventricular size should occur that results in the - 
abnormal left ventricular shortening postoperatively, . 
it would seem reasonable to intervene and close the 
atrial defect earlier than has been customary in the past. 
Traditionally, closure has been performed at 5 to 6 years 
of age because the defect is often not detected earlier 
and because by that age the risk of surgery to the child 
is minimal. With the general availability of echocardi- 
ography and improved detection by physicians, the 
diagnosis i is being made at a younger age in many chil- 
dren. It is these children that we believe no longer need: 
to wait to age 5 or 6, but should undergo repair in the 
first 3 years of life, when they are at no greater surgical 
risk. A trial of early surgical intervention with an effort. 
to eliminate the postoperative abnormalities will b 
necessary to confirm our hypothesis. De 
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Ambulatory Monitoring System 























vibe of the drank 


ports...in your office...within minutes 


Although scanning services are well 
established, they do have their draw- 
backs. The first is turnaround time. It's 
not unusual for two, three or even four 
-days to pass before you receive a report 
-on your Holter patient. Then you'll pay a 
hefty charge for. this time consuming 
: Service. | 
What's even more critical, some phy- 
.Sicians question the consistency of the 
_reports they receive from scanning serv- 
ices...with. good reason. The high 
speed at which scanners operate has 
.made it difficult to incorporate sensitive 
enough computer recogrition criteria at 
i an affordable cost, — 
.. Compounding the problem is techni- 
Cian fatigue. Since a technician normally 
Scans a number of Holler tapes at one 
Sitting, significant data may be missed. 
And since technician capabilities vary 
from person to person, the doctor re- 
ceiving a report has nó way of knowing 
just how reliable the report is or is not. 


U^ «Now the new technology of 
| microcomputers does the work of the 
£ technician and scanner 

right 9 yaur ORIGO: 


AEGIS advances 
ambulatory monitoring 
into the age of microcomputers. 
After more than six years of develop- 
ment and rigorous clinical evaluation, 
AEGIS advances ambulatory monitor- 
ing and reporting into the age of micro- 
Circuity and sophisticated computers. 
Now both the recording and analyzing 
activities are combined into one com- 
pact unit that analyzes, counts and cate- 
gori izes arrhythmias as they occur. Be- 
ise analysis occurs in real time. the 
fficient high-speed scanner and the 
gue- prone. technician. can now be 
laced by a real time analyzer and an 
omatic, consistently reliable playback 
it that prints. out rhyt im strips as well 
urnmation and categorization re- 













after your Holter patient returns. AEGIS 
does all this without a specially trained 
Operator. 


Analyzes each and 
every heartbeat. 





Real time idi of each heartbeat. 


Unlike traditiona! Holter monitoring 
equipment, AEGIS. does not analyze a 
recording of your patients heartbeat, 
nor does it rely upon visual identification 
of condensed rhythm strips. Rather, 
AEGIS analyzes each heartbeat as it 
occurs. No scanning service or human 
eye can practically maich AEGIS in 
consistency and speed. 

Here's how it works. AEGIS automat- 
ically establishes a “normal” reference 
for each patient, then compares each 
heartbeat to the normal pattern, looks 
for deviations in rate, rhythm and 
morphology, distinguishes each ar- 
rhythmia, and performs highly refined 
classification decisions. All of this data, 
analyzed in real time, is stored on an 
integral digital tape. 

Because the microcomputer works in 
real time, it is able to apply many more 
computer cycles in its decision making 
than those computers used with high- 
speed Holter scanners. 








Compares against what's abnormal 
for each individual patient...not 
against some "universal norm: 
AEGIS recognizes that no two patients 
are exactly alike. In order to analyze de- 
viations more accurately, the AEGIS 
microprocessor automatically estab- 
lishes the "normal" reference for each 
patient. The sophisticated computer 
program used for this function can find 
and reference a patient's "normal" beat 
in less than two minutes. Furthermore, it 
has been proven that AEGIS can estab- 
lish a "normal" reference under a variety 
of difficult conditions such as chronic 
Digeminy, atrial fibrillation and bundle 

branch block. 

In addition, the "normal" reference is 
continually updated throughout the 
analysis period to account for changes 
in the position of the heart due to body 
movement and changes in the patient's 
position. 


Puts the control of evaluating Holter 
studies directly into your hands. 


AEGIS gives you both a rhythm strip 
along with a summary report for your 
confirmation. The rhythm strip is a two- 
channel electrocardiogram with the time 
and classification of the recording and 
the specific lead processed printed right 








1 strip for easy reterente.. 
| report summarizes the 












3 well as heart rate information 
: ‘each one hour or quarter hour in- 
crement of the 24-hour monitoring per- 
iod. It also calls out specific morphol- 
ogies that require your review. 
¿< Since rhythm strip and summary re- 
‘port are both time-stamped, it's easy for 
you to compare both documents and 
verify the data. Together, the strip chart 
and summary report provide you with all 
_the visual and quantitative data you need 
to make an in-depth diagnosis. 

In addition, the rhythm strip record 
and summary report can be used as a 
basis for comparison with follow-up 
rhythm strips and reports in order to 
determine patient progress and to eval- 
uale methods of treatment. 


Rhythm strip 
and summary 
report for your 
confirmation. 
Highlights 
morphologies su gen Bane id 
requiring tae eee eee 
your review. nan E 
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and classification of arrhyth- - 








- or begin treatmer 


TIN when it's called for. 





No need to wait days for Holter results. 


The AEGIS System gives you all the data 
you need to make a sound diagnosis 
right in your office. Instead of waiting a 
day or more for results, you get them 
when you need them —-a most impor- 
tant plus when dealing with patients for 
whom further diagnostic testing is sus- 
pected or must be scheduled. In short, 
you fit the AEGIS System to your 
schedule. 


The system validates itself — 
no need for repeat studies due to 
“lost” data or faulty equipment. 


LED display 
alerts you to system 
or procedure problems. 


AEGIS overcomes the problems of in- 
terference or artifacts overcoming accu- 
rate analysis. AEGIS automatically 


senses when artifacts are overwhelming. 


the usefulness of information, and 
switches to the other lead signal for 
processing. Thus, there's no need for 
retakes due to artifacts. 


Review results at your convenience i 
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AEGIS is hë wer roars Va 
dating oyster UU 


No need to hire secl 


The AEGIS Systemi is totally. self- 0 
tained and so easy to use, it requires 
dependence on specially trained pe 
sonnel in or out of your office... 
Patient hook-up to the Real 
Analyzer is identical to that of tradition 
Holter ECG: monitoring: systems. And 
the Report Generator is so autom 
that once the cassette tape | is inserted 
and the printout: process is started 
requires no operator attendance. . p 


Tikes up no choro Mp. 
than a desk-top copier. 


The AEGIS System fits easily inte a 
office practice. The Real Time Anal 
is approximately the same size as 
other ambulatory monitoring units: .. 
and the compact Report Gen- 
erator requires only about four 
square feet of counter space. 
AEGIS is protected against 
obsolescence, too. As new 
software devel- 
opments and 
technological 
advances are. 
made, the AEGIS > a" 
System can be Fits 
inexpensively compactly 
updated. into any office. 
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| . Withouta specially 
e Provides the same clinical | "" E the control of evaluating Holter 


information as a scanning 
Service— with none of 
the drawbacks. 


= —  . Studies directly into your 
= hands. Provides time- 
stamped rhythm strip and 

summary report for your 
| confirmation. 
e System validates 

itself —no need for 














: achinician- “brings | 
: _ those activities into your 





Office. More convenient. repeat studies due 
- More efficient. to "lost" data or faulty 
e. Analyzes each heartbeat as it occurs: counts equipment. 
and categorizes arrhythmias in real time. * Fits easily into any office. 
uc E ora 15-minute, | 
no obligation demonstration | 


f AEGIS in your office, 
Ps s call toll-free: 800-257-5750 . ES 


THE LOGICAL ALTERNATIVE 






ertension a ad Cardiac Work — — 


Ü i BRESunsKi: MD Myocardial function and NUMINE wi i 
H. MESSERLI, MD,. FACC were assessed by comparing systemic hemodyn: T 
NCIS G. DUNN, MD, FACC graphic data in 33 normotensive subjects and 38 

EDWARD D. FROHLICH, MD, FACC all without left ventricular hypertrophy. External wot 
| and cardiac work) and internal work (fiber sh 
significantly increased in the patients with mild 
factors other than blood pressure contribute to cardi 
tensive therapy must favorably affect both blood we S$ 
work. m 
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Sarnoff et al.! showed that T oxygen consumptior V 
directly proportional to external cardiac work when mean 
pressure is increased. In contrast, increasing external work du 
mented systemic flow (cardiac output) does not increase 
similar degree. MVO» correlates with tension-time index, 
consistent association with elevated systolic pressure independe it 
cardiac output. Systolic pressure load is primarily responsible for cardi } 
enlargement in hypertension.? The tension-time index is not the 
indicator of MVO». Increases in the velocity of contraction, as assess 
by the first derivative of left ventricular pressure (dP/dt),? are also 
sociated with increased MVO», demonstrating contractility tc 
important additional determinant of myocardial metabolism and oxyg 
utilization. Fiber-shortening velocity determined with echocardiog Ip 
correlates well with dP/dt.* This study was designed to evaluate 
adaptation of the left ventricle to early hypertension, with regard tc 
ventricular enlargement as well as these indexes of MVO;, becaus 
creased myocardial mass also affects MVOsS.59 | 


Methods. Bo pnt 
a E aged three normotensive e subjects (mean age 35 ta 








cluded inoase RAD evaluation | in ‘those pation 
having a correctable cause for their hypertensi : 
treated at the time of study or had been withdi 
diuretic drugs for at least 4 weeks before the € 
Previous criteria for cardiac. involvemen 
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| (88354 31845 — NS 
2 o87t4 M3 NS 
ce — 29£1 3442 «0.05 
05867 + 33 1033-54 — «0.001 
42 3044 X 124 «0.001 











NS = = not significant r p= = probability- 


jomodyBümies - were calculated using standard for- 
mulas.” BATA $25 
_ Echocardiography: Standard M mode echocardiography 
was performed with use of our previously described meth- 
: ds. 78 Echocardiograms were read by independent observers, 
"and the mean of five beats was used for the data measure- 
ee The mean velocity of circumferential fiber shortening 
- (V Vet) was calculated by the method of McDonald et al.!? uti- 
izing the ejection time as read from the strip chart re- 
ording. . 

~ Statistical analysis was performed using the unpaired 
_ Student's ¢ test and univariate linear regression. 


Results 


Hemodynamics (Table I): Mean systolic pressure 
was significantly increased in hypertensive patients 
'ompared with normal subjects, 156 versus 112 mm Hg 
p «0.001). Ejection time, corrected ejection time, heart 
'ate, stroke volume and cardiac index were similar in 
th groups. Cardiac work (1,033 versus 667 units) and 
he tension-time index (3,044 versus 2,342 units) were 
creased in the hypertensive patients (p <0.001), as was 
e total peripheral resistance (34 versus 29 units, p 
0.05). 
'chocardiographie data (Table IT): None of the 
rmotensive subjects or hypertensive patients had 
her septal or posterior wall thickness greater than 1.1 
However, wall thickness was greater in patients with 




















































0.93 + 0.08 <0.001 
03 Oars 
7 490+. 
d3. 345 
1.35 + 





irc = circumferences; NS = not significant; p = probability. 


as ihe vo doped variable, 
thickness as indepenc 

pertensive group, a 
wall thickness, was there; 
relation (r : 5 —0.422, p « 

















Discussion 


The treatment of hyper tension kas been aimed pri- 
marily at reducing arterial pressure in order to reduce . 
morbidity and mortality from hypertensive cardiovas- . 
cular disease. However, recent data,!?-19 suggest that 
there are cardiovascular sequelae that do not appear to 


be prevented by this treatment, presumably because of 


preexisting disease. 

Myocardial oxygen demand, caräiac work and 
ventricular thickness: The results of this study 
suggest that in early hypertension, myocardial oxygen 
demand is increased although left ventricular wall 
thickness is normal. This is supported by the finding 
that both external (increased mean systolic pressure) 
and internal {the velocity of contraction) cardiac work 
are significantly augmented, the latter independent of 
changes in ventricular wall thickness. Despite the dif- 
ferences in wall thickness between the two hypertensive 
and normotensive groups, both are still “normal” and 
not beyond the variability of echocardiographic inter- 
pretation previously reported.!* This latter adaptive 
struetural change and the increased MVO; in early 
hypertension could predispose to left ventricular hy- 
pertrophy and its associated reduction in coronary 
vascular reserve!?-?! and later myocardial ischemia. 

Therapeutic implications: Therapy in early hy- 
pertension must normalize the elevated arterial pressure 
while minimizing myocardial oxvgen demand. This can 
be done by reducing the heart rate, fiber-shortening 
velocity, ejection time and arterial pressure. Reducing 


only systolic pressure, although important in reducing 


overall cardiovascular morbiditv and mortality, should 
not be the only goal. In contrast, those antihypertensive 
drugs that increase heart rate and help *unload" the left 
ventricle (that i is, increase stroke volume and cardiac 
index) augment cardiac work and the tension-time 
index. Therapy must not. permit left ventricular hy- 
pertrophy to develop at the expense of blood pressure 
control? . 

In summary, the physiologic adaptation to early es- 


| ‘sential hypertension requires increased myocardial 
. oxygen delivery, secondary to increases in extrinsic 

cardiae work ant 
Gependent s af increases in left ventricula 
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Hypertensive Adolescents 


The change in R wave amplitude during progressive aerobic exercise was 
studied in hypertensive adolescent boys. A comparable control group 
consisted of normotensive adolescent boys matched for age, body size 
and race. Twenty-four normotensive and 22 hypertensive subjects ex- 
ercised to exhaustion on a treadmill utilizing the Bruce protocol, Blood 
pressure and heart rate were monitored during exercise and recovery. 
The change in R wave amplitude in a lead Vs electrocardiogram was 
determined at each level of exercise. The normotensive group demon- 
strated a progressive increase in systolic pressure, heart rate and rate- 
pressure product (hear: rate X systolic pressure) during exercise and a 
progressive decrease in R wave amplitude with a significant correlation 
of R wave change versus the cardiac response variable (p «0.001). 
Hypertensive subjects manifested a greater increase in systolic pressure, 
heart rate and rate-pressure product during exercise with no decrease 
in R wave amplitude until the exercise end point. The difference in R wave 
response to progressive exercise in the two groups was significant (p 
« 0.01). A variation in myocardial function in hypertensive adolescents 
as demonstrated by a difference in R wave response to exercise may 
reflect a level of peripheral vascular resistance greater than that of nor- 
motensive control subjects. 


Hypertension is a major health problem with the morbid consequences 
of the uncontrolled disease well known. Although full understanding of 
the pathogenic mechanism remains elusive; evidence does exist that the 
prevalence of target organ damage is diminished with reduction of blood 
pressure.'* Recognition of a significant prevalence of essential hyper- 
tension in adolescence? is emerging together with the concept that the 
initiating mechanisms for this disorder may be operative in the childhood 
years.?^8 An intriguing issue is whether the vascular component of the 
disorder is increased by the pressure level itself and, if so, what level of 
blood pressure elevation imposes the risk for vasuclar or target organ 
damage. 

Exercise stress testing in adults has become a clinically useful means 
of evaluating symptoms of ischemia and heart disease, and for deriving 
exercise prescriptions in cardiac rehabilitation. Studies utilizing stren- 
uous aerobic exercise stress testing in young people^? demonstrated 
similar patterns of blood pressure and heart rate response during exercise 
in hypertensive and normotensive adolescents but with higher levels of 
systolic blood pressure in the former. These studies in the young indicate 


absence of the typical electrocardiographic abnormalities such as ar- 


rhythmias and S-T depression that in adults denote a risk status for 
significant cardiac disease. 
It has been reported? that changes in the amplitude of the R wave 


during exercise may be more sensitive than S-T changes. as an indicator 
- of myocardial dysfunction in adults, Tt 
to decrease its volume during strenuous aerobic exercise may be re- 





e failure of the ischemic ventricle 


sponsible for absence of the usual reduction i in R wave ' amplitude. 10,11 


















jective of this study was to determine if R wave 
itude during exercise stress testing differed in 
dolescent boys with mild hypertension and those with 
ormal blood pressure. 


Methods 


: Study subjects: Participants in the study included 22 ad- 
t boys with mild hypertension. All 22 had a casual 
obtained during sitting, of systolic or diastolic 
ssure, or both, above the 95th percentile? on at least 
casions over a 3 month period of time. In all, medical 
ations had revealed no secondary cause of the hyper- 
-. tension. Aside from the elevated blood pressure, the 22 hy- 
p pertensive subjects had no symptoms. All were considered well 
-cat the time of testing and were receiving no pharmacologic 
<: agents for blood pressure control. The normotensive control 
- group consisted of healthy adolescent boys with similarly 
obtained systolic and diastolic blood pressure values below 
the 90th percentile for age. Written informed consent on an 
institutionally approved protocol was obtained from all par- 
ticipants before exercise stress testing. 
Exercise testing: The methodology for exercise stress 
testing was similar to that previously described.!? After a 
"period of rest and instruction, each participant underwent a 
| progressive maximal treadmill test according to Bruce pro- 
 :tocol. A target heart rate of 200 beats/min was used as the 
predicted end point of exercise. Blood pressure was obtained 
by standard auscultation with use of a mercury column 
sphygmomanometer and appropriate size cuff. It was deter- 
mined at baseline in the standing position before exercise, at 
the 2nd minute of each stage of exercise and through the re- 
-.«eovery period (10 minutes). Heart rate was obtained at base- 
. line and at 1 minute intervals throughout the test with use of 
a Quinton oscilloscope electrocardiographic monitor. The 
electrocardiogram was monitored continuously and a lead V5 
tracing was obtained at 1 minute intervals throughout exer- 
cise. In the recovery period the determinations of blood 
pressure and heart rate were obtained with the subject seated. 
The R wave amplitude was measured from the isoelectric line 
to the peak of the R wave in millimeters for an average of 10 
consecutive beats. The average value at the 2nd minute of each 
exercise stage was then used as the R wave amplitude for that 
stage of the Bruce protocol. The difference in R wave ampli- 
. tude from the resting value in the standing position was 
“computed as the change in R wave amplitude with each level 
of progressive exercise. 

Tests for statistical analysis included a two tailed t test for 
paired and unpaired data where appropriate. Correlation 
coefficients were computed by linear regression analysis. A 
two way analysis of variance was performed on the R wave 
response to determine group differences. 





Results 

. Study groups: The age, body size and baseline data 
of the two groups are provided in Table I. The hyper- 
. tensive and normotensive control subjects were 
matched for age and race and did not differ significantly 
in height or weight. However, blood pressure during 
standing and heart rate were significantly greater in the 

d hypertensive group. 
Effects of exercise on heart rate and blood 
essure: During the graded multistage treadmill ex- 
e all participants exercised to exhaustion. The 
on of exercise and level of the Bruce protocol 
-completed were similar in the two groups. In each 

















TABLE | 
Baseline Values (mean + standard deviation) 
Hypertensive Normotensive 
Group Group 
(n = 22) (n = 24) 
Age (yr) 15.9 + 2.0 16.4 X 1.4 
Weight (kg) 79.0 + 19 72.0 + 12.8 
Height (cm) 175.9 + 9.8 173.0 + 10.0 
SBP (mm Hg)” 1424 14 133 + 17 
DBP (mm Hg)* 91+ 10 79 + 13 
HR (beats/min)* 91+ 17 79 + 19 





*Before exercise (erect). m 
DBP = diastolic blood pressure; HR = heart rate; NS = not. signifi- s 
cant; p = probability; SBP = systolic blood pressure. ds 


subject there was a progressive increase in systolic _ 
pressure and heart rate whereas the diastolic pressure _ 
generally decreased. At each stage of exercise the sys- 
tolic pressure and heart rate were higher in the hyper- . 
tensive than in the normotensive subjects (Fig. 1). The _ 
systolic pressure of the two groups increased during | 
exercise and decreased during recovery in a parallel _ 
manner, the hypertensive group manifesting higher . 
systolic pressure at each level (p <0.01). The two groups _ 
manifested parallel increases in heart rate and the | 
rate- -pressure product (heart rate X systolic pressure) - 
during exercise, with significantly higher values in the e 
hypertensive group. um 
Effect on R wave amplitude: In the normotensive T 
group there was a progressive decrease in the R wave | 
amplitude during graded exercise. In the hypertensive 
group the mean R wave amplitude increased slightly _ 
during exercise, and decreased slightly from the baseline 
value only at completion of exercise at maximal heart a 
rate. An analysis of variance on the R wave response in . 
the two groups indicates a significant difference (p | 
«0.01), with the normotensive group demonstrating a 
greater decrease during progressive exercise. Table II 
provides the correlation coefficients for R wave change - 
versus the various cardiac response variables. The | 
change in R wave correlated with systolic pressure, heart. 
rate and rate-pressure product in the normotensive. 
group at a high level of significance (p <0.001). In the _ 
hypertensive group the correlation, although statisti- _ 
cally significant, was less strong (Fig. 2). During exercise _ 
the normotensive group had a progressive increase in — 
systolic pressure and a decrease in R wave amplitude _ 
(p «0.001). The hypertensive group had a higher rela- 
tive systolic pressure at each exercise level, but. the 
change in R wave amplitude was less. The response | 
pattern was similar when the change in R wave ampli- | 
tude was correlated with the rate-pressure product. —. 













Discussion 


The participants in this study clearly separated i 
hypertensive and normotensive control groups on 
basis.of both the casual blood. pressure reading obtaine 
during sitting and the preexercise blood pressure and | 
heart rate obtained during standing. There were no . 
significant differences between the two groups in age, | 
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_. body size or exercise duration. The graded treadmill 
exercise stress test provoked a circulatory response 
. pattern that was similar in the two groups, but with 
. higher values for systolic pressure, heart rate and rate- 
. pressure product at every exercise level in the hyper- 
tensive group. The diastolic pressure decreased during 
exercise in both groups. These results are similar to 
. previous findings.?94? No typical electrocardiographic 
abnormalities such as S-T depression or conduction 


- abnormalities were identified in either group. However, - 


the changes in R wave amplitude were quite different 
- in the two groups. The normotensive boys had a pro- 
_ gressive decrease in R wave amplitude during exercise 
-that correlated significantly with the increase in systolic 
. pressure, heart rate and rate-pressure product. In con- 
. trast, the hypertensive boys had a smaller decrease in 
. .R wave amplitude and higher values for systolic pres- 
_ sure, heart rate and rate-pressure product. 

- Previous studies on cardiovascular response to 
exercise in the young: Previous studies of cardiovas- 
-. cular responses to dynamic exercise stress testing in the 
, young have reported similar blood pressure. and heart 





TABLE M — | 
Cardiac Response Variables s Versus R Wave i hinge 





m ra 


Hypertensive Normotensive 
Group | Group ^ 
(ne 22) (n = 24) 





E : | r2. 








p ; p 
0.54 «0.01 0.93 <0.001 
0.51 «0.05 0.93 <0.001 
0.70 «0.001 0.92 «0.001 
0.89 «0.01 0.95 «0.001 
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FIGURE 1. Systolic blood pressure is s depicted at baseline 

(BASE), and at each stage of exercise and the recovery (R) 

phase in minutes. The mean value of systolic blood pressure . 
+ standard error of the mean is presented for the hyper- 

tensive boys. (crosses) and the normotensive boys (rectan- 

gles). * = p «0.01. > 


rate responses.^51*J3 Fixler et al.8 observed higher 
blood pressure in hvpertensive children but no differ- 
ence between the peak systemic oxygen consumption 
values of hypertensive and normotensive children.? 
However, studies in normal aduits!4^ demonstrated that 
systemic oxygen consumption does not correlate sig- 
nificantly with changes in blood pressure, whereas 
myocardial oxygen consumption may be a better cor- 
relate. Hemodynamic studies? during exercise in 
healthy young men demonstrated that heart rate cor- 
relates with myocardial oxygen consumption and that 
an even better predictor of myocardial oxygen is the 
product of systolic blood pressure and heart rate 
(rate-pressure product).14!^ A higher than normal 
rate-pressure product was reported in male and female 
adolescents with mild hypertension!’ and also in a group 
of young women who were previously hypertensive 
during a pregnancy in teenage years.!9 The observation 
ofagreater rate-pressure product in young hypertensive 
subjects during exercise is consistent with earlier reports 
on hemodynamics in borderline hypertension in young 
adults.!? 7 

Significance of R wave amplitude changes dur- 
ing exercise: The previous studies of dynamic exercise 
stress is tasting Lent Be the aP ne of any sig- 
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O HR = -23.1 (AR) + 107.97 
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| : FIGURE: 2. Change in R wave amplitude versus heart rate (left panel) and change in R wave amplitude versus systolic blood pressure (ien pane 
us Crosses indicate the hypertensive boys and rectangles the normotensive boys. Wes ME 


















S "iu increase during exercise “indicated increased left vascular resistance,I? Although this stage 
-ventricular volume and myocardial ischemia. In our ension.i ich cardi 
present study there was strong correlation in normo- pressure. ds dncténsed. and va 
tensive adolescent boys between the increase in heart creased, some > worker 20 have s 
te and rate-pressure product, both predictors of eis inapprop 
II yocardial oxygen consumption, and the decreasing R Mom dew. when vascular resis tanc 
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HANGING 
ANGINA 


THERAPY 


The Prototype 
Calcium Antagonist 


Please see page six of this 
advertisement for the complete prescribing information. 





A NEW OPTION FOR EFFECTIVE 
CONTROL OF ANGINA 


Calan’s role in regulating trans- 
membrane calcium flux affords a new 
mode of antianginal activity that 
provides an important and different 
therapeutic option for effective 
control of angina. 


Calan reduces frequency of anginal 
attacks, lessens the need for nitro- 
glycerin, and increases exercise toler- 
ance. These effects are thought to be 
due to hemodynamic changes that 
reduce the work ofthe heart by lower- 
ing myocardial oxygen demand 
through a dual mechanism: 


reduction of myocardial contractility 
reduction in afterload (that also 
helps maintain cardiac output) 


In addition, in angina with a spasm 
component, Calan relieves or prevents 
coronary artery spasm, increasing 
myocardial oxygen supply:! 


(01982, Searle Pharmaceuticals Inc. 






POSSIBLE 
MECHANISMS 
FOR 
CALAN 
EFFECTS IN: 


CLASSIC EFFORT 
Dual reduction ANGINA 
HUM Kuss | UNSTABLE ANGINA | 
O; demand through UNSTABLE ANGINA 


PRINZMETAL'S 
VARIANT ANGINA 











Relaxation of 
peripheral arteries 





Peripheral vascular 
resistance | 
afterload |* 


Contractility + 
modest | 





Work of the 
heart 1 


Myocardial 
O2 demand 4 





Enhanced myocardial 
performance prevents or 


decreases angina 











with 
spasm i 
component Increase in 
myocardial 


ie: O2 supply through 








Relaxation of 
coronary arteries 


Normalizes coronary 
vascular tone, 
preventing or 

relieving spasm 





Coronary blood flow 


maintained or + 





Myocardial perfusion 
Myocardial Ov supplyt 





*Generally without increase in heart rate. 

t Without reduction of cardiac output in most patients. 
Tincrease. 

Decrease. 


Calan (verapamil HCl) has been shown, in 
direct comparative studies, to be unsurpassed 
by propranolol in efficacy. 


Calan has been proven effective in 
double-blind, placebo-controlled studies. 


Calan is highly effective in relieving or 
preventing coronary artery spasm. Up to an 
87% reduction in number of anginal attacks has 
been reported. Beta-blockers, in contrast, can 
trigger or worsen spasm. 


Please see page six of this advertisement for the complete 
prescribing information. 
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“wCalan 
(verapamil HCI 





1. Effective in Stable 
Effort Angina 


Clearly superior to placebo: In a 
placebo-controlled, double-blind, 
crossover study involving 28 patients, 
verapamil 360 mg/day significantly 
reduced the anginal attack frequency 
and consumption of nitroglycerin 
and increased exercise time. After 
four weeks, in the open continuation 
phase of the study, verapamil 360 mg/ 
day totally prevented exercise- 
induced anginal attacks in 20 (71%) 
of the patients? A '70?5 increase in 
exercise time was maintained ina - 

_ year-long follow-up? Results in other 
. studies confirmed this efficacy! 

| Unsurpassed by propranolol: In 
a direct comparative, double-blind, 

randomized, crossover, placebo- 

controlled study involving 20 patients 


with stable angina, verapamil 480 mg! | 


day was superior to propranolol 
320 mg/day in increasing exercise 
tolerance’ In a similar study, 
verapamil was equal to propranolol in 


reducing frequency of anginal attacks | 


and also had a significant beneficial 
effect on nitroglycerin consumption 
and ST-segment changes (compared 
with placebo) while propranolol did 
not? It is likely that patients who enter 
a clinical trial for a new drug have 
found available therapy unsatisfactory. 
. It is also likely that the patient popu- 
lation of these studies was relatively 
refractory to propranolol. Further 
studies are required before a conclu- 
sion can be mos from iiis din ces 








EFFICACY PROVEN - 
IN CON IROLED 


Ï TABLETS 


| f TABLE 120 mg 







2. Effective in Unstable | J 
Angina 


In a short-term, double-blin« Ted e 
randomized, crossover trial invol 
12 patients with documented un- _ 
stable angina in a coronary care unit, 
the number of transient ischemic 
events, measured by continuous 
electrocardiographic monitoring, was 
ae reduced5 








Two other randomized, double- 
blind, placebo-controlled studies 
with continuous ECG monitoring in 
a coronary care unit were conducted 
involving a total of 26 patients with 


unstable angina. The protocols per- 


mitted ascending dose titration of 
verapamil as well as crossover from 


placebo to active drug for patients 
who failed to respond to placebo. 


Verapamil, in dosages ranging from 


320 to 480 mg/day, produced statisti- 


cally significant reductions in the 
number of anginal attacks at rest 
and the number of nitroglycerin 


tablets needed. The number af 


transient ischemic events was 
also reduced 








1d, i, randomized, 
tr rolled, double crossov 


ego also included Holter 
monitoring of each patient for 24 
hours each week. Placebo and 
verapamil were alternated every 
two months. During the four montt 
of verapamil therapy, the frequency 
of anginal attacks was reduced sig 
nificantly and nitroglycerin con- 
sumption fell “precipitously.” 
Reduction in ST-segment alteration 
was also significantly greater than 
with placebo? 


Reduction in Mean Anginal Attack Rate* 





Anginal episodes per week 
o 


Placebo Verapamil 


"Adapted from Johnson and others? 
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Many patients are able to exercise significantly 
longer when receiving verapamil therapy.'? 
Typically reported three- to five-minute increases 
in treadmill exercise time may translate into a 
new ability to participate in activities in a higher 
category of energy costs (measured as kilocalories, 
ml 05/min/kg or METS).®-? (The table below does 
not summarize changes in activity seen in verapamil 
studies but is based on studies correlating oxygen 
consumption with daily activities.*?) For your 
patients, this could mean the difference between: 


cr Driving a bus or truck 
Golfing with a 

power cart.........Golfing, carrying own clubs 
DESDE ose Bicycling 
BW TOOT eoe i RD le Washing floor 
Ining leaves. ioo lor enc Light shoveling 
Riding lawn mower... . . Pushing light lawn mower 
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ay 
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References: 1. Data on file, G.D. Searle & Co. 2. Subramanian, V.B.; Lahiri, A.; 
Paramasivan, R., and Raftery, E.B.: Verapamil in Chronic Stable Angina, Lancet 
1:841-844, 1980. 3. Subramanian, V.B., and others: Long-term Antianginal 


Action of Verapamil Assessed With Quantitated Serial Treadmill Stress Testing, ji i Ll KP À 
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Randomized Crossover Trial, Circulation 65 (suppl. 1):151-159, 1982. 5. Johnson, 
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of Propranolol and Verapamil in the Treatment of Patients With Stable Angina ~- " - A i ia 
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Please see page six of this advertisement for the complete 
prescribing information. 





l a CONTRAINDI 
VOI HCI is contraindicated in: 
1. Severe left ventricular 
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) TABLE TS 


mg and 120 mg 


Miei HCI) 


DESCRIPTION 


Calan (verapamil HCI) is a calcium ion influx inhibitor (slow-channel blocker 
or calcium ion antagonist), Calan is available for oral administration in sugar- 
coated tablets containing 80 mg or 120 mg af verapamil hydrochioride. 
Verapamil HCI is an almost white, crystalline powder, practically free of 
odor with a bitter taste. It is soluble in wate: chloroform, and methanol. 
Verapamil HC! is not chemically related to oner caidioactive drugs. 


CLINICAL PHARMACOLOGY 


Calan is a calcium ion influx inhibitor (Slow-channel blocker or calcium ion 
antagonist) that exerts its pharmacologic effects by modulating the influx of 
ionic Calcium across the cell membrane of the arterial smooth muscle as well 
as in conductile and contractile myocardial cells. 


Mechanism of action: The precise mechanism of action of Calan as an 
antianginal agent remains to be fully determined. bu! includes the following 
two mechanisms: 

1. Relaxation and prevention of coronary arte E asm. Calan dilates the main 
coronary arteries and coronary arterioles in normal and ischemic 
regions. and is a potent inhibitor of coronary poe spasm. whether spon- 
taneous or pal i et -induced. This property increases myocardial oxygen 

delivery in patients with coronary artery spesm and is responsible for the 
effectiveness of Calan in vasospastic (Prinzmetal's or variant) as well as 
unstable angina at rest. Whether this effect plays any role in eges effort 
angina is not clear. but studies of exercise ‘olerance have not shown an 
increase in the maximum exercise rate-pressure product. a widely accepted 
measure of oxygen utilization. This suggests that. in general. relief of spasm 
or dilation of coronary arteries is not an important factor in classical angina. 

2. Reduction of oxygen utilization: Calan reguierly reduces arterial pressure 
at rest and at a given level of exercise by dilating peripheral arterioles and 
M eX the total Pray resistance lafte'load) against which the heart 
works. This unloading of the heart reduces myocardial energy consumption 
and oxygen requirements and probably accownts for the effectiveness of 
Calan in chronic stable effort 
Electrical activity Lg d the SA and AV nodes depends. to a significant 

degree. on calcium influx through the slow chamnel. By inhibiting this influx. 

Calan slows AV conduction and hed the effective refractory period within 

the AV node in a rate-related manner It can intedere with sinus node impulse 

generation and induce sinus arrest in patients with sick sinus syndrome and 
also can induce atrioventricular block. cri h this has been seen rarely 

in clinical use. Calan may shorten the antegrade effective refractory period of 

the accessory bypass tracts. Calan does not alter the normal atrial action 

potential or intraventricular conduction time. but pathy amplitude. velocity 
ot depolarization. and conduction in depressed atrial fiers. 
Calan has a local anesthetic action that is 1.5 times that of procaine 

on an mel a It is not known whether this action is important at the 

doses used in 
Calan does fot "alter total serum calcium leve s. 


Pharmacokinetics and metabolism: More than 90% of the orally admin- 
istered dose of Calan is absorbed. Because of rapid biotransformation of 
verapamil during its first pass Broun we al circulation, absolute bio- 
avai hala i S from 20% to 35%. Peak plasma concentrations are reached 
hours after [ir administration. Chronic oral administration 
" 120 mg of velba vey € hours resulted in plasma levels of verapamil 
ing trom 125 to 400 ng/ml. with higher values reported an pee 
tween verapamil plasma concentration an 


ae e longaton othe PA món 
. The mean — — in single-dose 
ules ranged from 2.8 to n hours. In these sam ies. after repetitive 
Josing, the alf-lite increased to a range from à x to 120 hours (after less 


0 consecutive doses given 6 hours apart). Half-life my increase during 
titration due to saturation of hepatic enzyme systems as plasma verapamil 
ievels rise. A linear correlation pu to exist between the verapamil dose 
administered and verapamil plasma levels. 
In healthy men, oral administered Calan encores extensive metabolism 
in the liver. Twelve metabolites have been identified in pesma all ne t 
norverapamil are present in trace amounts only. e 
steady-state plasma concentrations approxima ely Mm to those "T verapamil 
elf. The major metabolites of have been dass lie as various 
and 0- odas melatolie jamil. Approxim r ECL th e 
tered dose ^ excreted as metabolites in the urine and 16% or more in the rA 


oteins. Im pa fal 
nd eimina on Aa ey Laps "n to 


0 abo 
rales Su de MENS with liver Birla may attain therapeutic 

5 suggest i areata with on third of the a daily toes romeo 
ps pre with normal liver function. 
Hemodynamics and myocardial metabolism: Ir animals and man, Calan 
era afterload and myocardial contractility. In met patients, including 
those with ic cardiac disease, the negative inetropic action of Calan 
is countered by reduction of afterload, and cardiac mdex is usually not 


reduced. In patients with severe left ventricular dys'unction, however 2 

pamonary ate ressure —— D de q or e Sabet n less th 
pus n patients ugs, tr or other 
ire cane deer net vedere TES A. occur 


Site functi - oin does not induce broncaoconstriction and, 
hence. does not Mo ventilatory function. 


INDICATIONS AND USAGE 
T Pun ks d or the treatment of angiaa pectoris, including: 
Br 
angina (clase effort-associatec angina) 
NDICATIONS 


unction (see 
2 arae {systolic pressure leas thar than aon mm Hg) or cardiogenic 
d Sick x sinus eoe in patients with a haas artificial 
4. ier qr or Thirc-degree AV block 


Heart failure: EE. 


| ios is EE XE el ne. 
| Ro qn olang 18 v e eray 





iL 


pnarmapologic action e ver may 
sure row normal level | may result 

"Pope i or sympa tension is shal  asynpto Qo 

wate orthost ae ant can be Mp ed by a decr 

dose. The dence hypotension observed in 1, 166 pat oe in 

Clinical trials was 2.9%. 


Elevated liver enzymes: Occasional elevations of transaminase and | 

alkaline phosphatase have been reported. Two eL d elev 

tions of aminase with - elevation rechallenge 

e mil. Ait these ts were not biopsied. t 
lular-type ny with verapami 'S to exist. 


has nol revealed sim milas cases. ani ofi is injur 
Patients receiving os prep ies enzymes onito! 
Atrial 











son-White or Lown-Gan 
sede conduction across te aeran yeti 
very rapid ventricular response after recel 
fioltalish- Y Treatment is usually D.C -cardioversion. 


used safely and effectively after oral Calan. m. 3 ji ES 


Atrioventricular block: i pes 
SA noge e og to Aish Pb 
accompani al escape (bins [ 
of serum once atin vie de i aV ! 
quently (0.896: observed. rst-degree block or p pr 
ment to second: or third- ‘dene M oV block requires a. ree 
or, in rare instances. discontinuation af verapamil HCI and ins 
appropriate therapy d on the clinical situation. — - 


Patients with hype ic cardiomyopathy ( In 
with hypertrophic ardonyooay mo (most of them refractory or 
propranolol) who received th 

a variety of Serious adverse 
monary edema: all had severe left ventricular outflow obstr 


verapamil on AV c C0. 


uction and 
past ast soy ry of ieft vontiicular dysfunction. ee other patients had pulmona 
edema and/or severe hypotension: abnorm (greater than 
pulmonary wedge pressure and a marked left Mu. S EM istuc 


were qe esent ir most of these patients. Concomitant adminis 

vinidin died the aid poean in 3 of the 8 bei e it whom 
eveloped pulmonary edem cardia occurred in 11% of the 

patients, Second: -degree NV block n4 , and sinus arrest in 296. It must be 

appreciated that this group i neous nad a serious disease with a high 

obra rate. Most adverse effects responded well to dose reduction. and 

only rarely did verapamil have to be discontinued. 


PRECAUTIONS 


Genera 

M when with impaired c function: Since verapamil is 

hly metabolized by the liver, itshould be administered PAREN to patients 
Hy ith impaired hepatic function. Severe liver dysfunction prolo dong ina- 
tion hal life of verapamil to about 14 to 16 hours; hence. approximately 
30% of the dose given to tg with normal liver function-should be — 
aiminimereg to these N tients. Careful monitoring for debes aly ongation 
of the PR intervel or other signs of excessive pharmacologic effects (See 
Overdosage) should be carried out 


Use in patients with impaired renal iunction: About 70% of an 

wase red dose of verapamil is pn as eiim in the urine. EN 
further data are available, verapamil d be administered cautious 

patients with impaired renal function. These patients ‘should 

monitored for abnormal prolongation of the interval or other Signs of over- 

dosage (see Overdosage). 
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Des combination effects on cardiac function. In one 
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lett ventricu rere (electioni irre ford 
je ects of v al t with v E inva- 
e addition of verapamil to Uim feta Nodes 
odes negative inotropic " chrono al were not severe 
SAU h to limit (sey yd (48 hours) combination therapy in this Study. 
d carciodepressant dd isted for greater than 6 but less 
than 30 hours after abrupt withdr a -blockers and were closely 
related to p ges of A ie hae he primary verapamil/beta- 
blocker action in e dy inr to be Ae er rather 
) other S des iol 51 il did not mies ative 
p or Mure effec In TIVE 3 il essi n d ra 
us ta J. aj Betavseo ofthe mech bag ped hed et ane oder 
cjoe su suvetane t ot vital signs i sed poris Status shoul 


s out be Car eu and 


concomitant i pen te er pr 


cone ients with atrioventricul. 
duction a aoe and. those with po Rado left ventricular function. 
. i rx Chronic verapamil eue increases serum digoxin 
es Coa the Gait me oiu ie this can iS can eat aga 
is tonicity Main tered a he gaien a ate suspecta dT ua 
Coes MERDA D be re i dsconted 0 pu 
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ie pi Until data on interactions between VU 4M 
ate are disopyramide should not be admin- 
prp pom Ar rs after verapamil administration. 
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eI Studies i vit that Aid 
x ^ s at 30 mg, T 4 EE sad Tank d 
Amps or greater fn the Lag ose the rat. These effect: 
be species specific lopment of ols due to verapa 
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Serious adverse reactions are rare SE REACTION t NS is initiated with 
er dose titration within the recommended single and total daily dose 
NM g reactions to orally administered verapamil were reported from 
cineal | studies involving 1.165 patients with angina or arrhythmia. 
Adverse reactions occurrec at a ^ ats rate in controlled clinical trig 
and bte Clinical experienc 
SCular f Peenwo On (2. 9%). peripheral edema (1.7%), AV b 
third- ones (0.8 h ceu: R- 50/min (1.196), CHF or 
pulmonary edema 
í wis ^ M System: Dizziness (3.6%). headache (1.8%), 
Gastrointestinal Constipation " "M nausea (1.6%). 
The eine s reactions, reported in less than 0.5%. occurred under 
cir eric ea Ae is not certain, and are there 
ian to a "e relationship: confusion, 
paresthesia. len beii kepa n tdem um disorders. blurred visior 
syncope, s e breed audication, hair loss, maculae, a 


S 
- |n addition, more — cpm events were observed, not readi 
hable from ory of the disease in these patient M. 
at these TO patens n Da haem E 1B a aa aida actors Ì 
lal i 
Eoo 19 E receiving placebo, the romani 5 


ne dail eed ot — was reduced in 6.3% anc discontinued ii 
s a aiy dose ot verapami neral. the highest incidence of adverse 
reactions was seen in the dose titration periods in all the studies. 
Tr of acute cardiovascular adv reactions: The freque 
rf - 'ascular. se reactions that require therapy is rare; hence. 
with treatment -s limited. Whenever severe hypotensior 
complete AV block occur fo — oral administration of bi pe a the 
e S0 tee SUR o spec amec ea oo, Ae 
I 
^ M 0% solution). In 


Sul 
i Es Een errate, or E GI shoda 
tp 


or dobutamine H Stered 
should depend on the every n the inica n situation and the and dasane 


. and experience of the treating physician. 


OVERDOSAGE 

should be supportive. Beta-adrenergic stimulat 
of Ag ee el increase calcium 

at overdosage wi ith ver ji y icall phe he » dl 

e with verapamil Clinically significan 

reactions kn rapan hould be treated with vasopres 

agents or cr og oct it pce should be handled by tl 

eval measures. in SAGE ssi resuscitation. 


AND ADMINISTRATION 
ized by titration. Calan is avail: 
ine sua tia dose is 80 mg three or 


| increased at nee , patients with 

jel ina) or weekly interva:s until optimum clin cal f i se is 
Obtained. neral, maximum effects of any given dosage would be appa 

during the first 24 to 48 hours of therapy, but note that b between 24 and 

48 e the half-life of verapamil increases; therefore, the maximum 
se may be delayed. The total dail dose r iom 240 400 
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ove. not deen established. 










The dose cect 
n vi ng an 1 tablets 
a day. Dosage m may be 


H 
Calan 80-mg tablets are round, SM t PLIED " CALAN 80 
imprinted on one side: bottles of 100 (NDC 0025-1851-31 


Calan 120-mg tablets are round, white, sugar- raro "m CALAN 120 


imprinted onone side; bottles of 100 (NDC 0025-1861-31 
Store at 59? to 86°F (15? to 30°C). 
Manufactured for 


Searle Pharmaceuticals Inc. 
Box 5110, Chicago, IL 606€ 


SEARLE 


The 
Safety Profile 


Contraindications 
Calan is contraindicated in patients with: 
e Severe left ventricular dysfunction (see Warnings) 


e Hypotension (systolic pressure « 90 mm Hg) or 
cardiogenic shock 


e Sick sinus syndrome (except in patients with a 
functioning artificial ventricular pacemaker) 


e Second- or third-degree AV block 


Some Cautions 


Verapamil should be avoided in patients with severe left 
ventricular dysfunction or moderate to severe symptoms 
of congestive heart failure, since worsening of left ven- 
tricular performance may result. (Please see Warnings 
section in complete prescribing information. ) 


Controlled studies in small numbers of patients suggest 
that concomitant use of verapamil and beta-blockers may 
be beneficial in some cases. However, because of the still 
limited experience with combination therapy, verapamil 
should be used alone if possible. Combination therapy 
should usually be avoided in patients with AV conduction 
abnormalities and those with depressed left ventricular 
function. (Please see Precautions section in complete 
prescribing information.) 


Chronic verapamil therapy increases serum digoxin 
levels. For more information on interactions (eg, digoxin, 
quinidine), please see Precautions section in complete 
prescribing information. 


Since verapamil is highly metabolized by the liver and is 
excreted in the urine, until further data are available, it 
should be administered with caution to patients with 
impaired hepatic or renal function. 


94.5% Continuation Rate 


In 1,166 patients receiving verapamil, reduction of daily 
dosage was needed in 6.3%; discontinuation of therapy was 
necessary in only 5.5976! In general, the highest incidence of 
adverse reactions was seen in the dose-titration period of 
the studies. 





EN Therapy discontinued (5.5%) 


ZIT IL 
E 


Continuation 
Rate 
94.5% 


Serious adverse reactions are rare 
when Calan (verapamil HCl) is given 
in recommended doses. 








Cardiovascular |Hypotension................ | 2.9% 
Peripheral edema....... E. 1.796 
AV block (third-degree)........... . 0.8% 
a E a e 1.1% 
(heart rate <50/min) 
CHF or pulmonary edema......... 0.9% 
Central Nervous | Dizziness..................... bs. 8.0X 
System OO rs M uS. 1.89 
Se eS Vra 1.1% 
Gastrointestinal | Constipation...................... 6.3% 
DEO Oe as TE rre eri LE ux qb 


Please see the facing page for the complete prescribing information. 
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Coronary Artery Surgery Study (CASS) 


DAVID P. FAXON, MD, FACC 
THOMAS J. RYAN, MD, FACC 
KATHRYN B. DAVIS, PhD 
CAROLYN H. McCABE, BS 
WILLIAM MYERS, MD, FACC 
JACQUES LESPERANCE, MD 
RICHARD SHAW, MD 
TERRANCE G. L. TONG, PhD 


Boston, Massachusetts 


From the Evans Memorial Department of Clinical 
Research and the Department of Medicine, Uni- 
versity Hospital, Boston, Massachusetts; De- 
partment of Biostatistics and Medicine, University 
of Washington, Seattle, Washington; Department 
of Surgery, Marshfield Clinic Foundation for 
Medical Research and Education, Marshfield, 
Wisconsin; Department of Medicine, Montreal 
Heart Institute, Quebec, Canada; Department of 
Medicine, Yale University, New Haven, Connect- 
icut. This study was supported in part by Grant NO1 
HV62923 from the National Institutes of Health, 
Bethesda, Maryland. Manuscript received August 
25, 1981; revised manuscript received January 5, 
1982, accepted January 28, 1982. 

Address for reprints: David P. Faxon, MD, De- 
partment of Cardiology, University Hospital, 75 
East Newton Street, Boston, Massachusetts 
02118. 


In order to evaluate the prognosis of medically treated patients with an- 
giographically defined left ventricular aneurysm the data available from 
1,136 patients with aneurysm (7.6 percent) from 15,019 patients with 
coronary artery disease in the Coronary Artery Surgery Study (CASS) 
registry were analyzed. Prior myocardial infarction, reduced ejection 
fraction, absence of angina and evidence of congestive heart failure were 
more commonly present in patients with aneurysm. The cumulative sur- 
vival rates of medically treated patients at 1, 2, 3 and 4 years were 90, 
84, 79 and 71 percent, respectively. The Cox analysis of survival indicated 
that the following variables predicted outcome: age, residual left ven- 
tricular function as assessed with angiography, left ventricular end-dia- 
stolic pressure, functional impairment due to congestive heart failure, 
number of vessels diseased, mitral regurgitation and S4 gallop. When 
survival was stratified for similar degrees of left ventricular dysfunction 
and functional impairment there was no difference between the survival 
of patients with aneurysm and that of registry patients without aneu- 
rysm. 

The data from this large population study indicate that the survival of 
patients with left ventricular aneurysm is better than previously recog- 
nized. The mortality in this group is primarily related to age, left ventricular 
function and clinical severity of heart failure. The presence of an aneurysm 
does not independently alter survival. 


Left ventricular aneurysm is a well recognized complication of acute 
myocardial infarction. Most reports indicate that it has a poor prognosis 
and a high morbidity rate, although the clinical course may be quite 
variable. Since the initial description of an aneurysm of the heart in the 
16th century, reported views on the frequency of the condition and the 
factors contributing to its development have differed widely.!~° These 
differences may be due in part to the comparatively small number of 
patients studied or to differences in the definition of aneurysm. Although 
current angiographic and nuclear scanning techniques have enhanced 
the clinical recognition of aneurysm, no study to date has outlined the 
natural history of patients with a defined left ventricular aneurysm. In 
addition, the success of surgical therapy for patients with symptomatic 
left ventricular aneurysm has shown the need for further clarification 
of this natural history. We therefore examined the registry of the Col- 
laborative Studies on Coronary Artery Surgery (CASS) to identify fac- 
tors contributing to and associated with left ventricular aneurysm in an 
effort to determine the prognosis of medically treated patients with 
angiographically defined left ventricular aneurysm. 


Methods 


Population: The study group consisted of 1,136 patients identified in the 
CASS registry as having left ventricular aneurysm on angiography. They were 
derived from a larger population of 21,478 consecutive patients from 15 partic- 
ipating institutions who underwent cardiac catheterization for known or sus- 
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pected coronary artery disease and who were enrolled in the 
CASS registry between August 1975 and June 1979. Data were 
prospectively collected and patients were followed up annually 
for up to 5 years as previously reported.?? A total of 1,136 
patients from the registry were identified who had left ven- 
tricular aneurysm defined with left ventriculography. These 
. patients were then compared with the 13,883 patients in the 
- registry who did not have a left ventricular aneurysm but who 
. did have significant coronary disease defined as 50 percent or 
- greater narrowing of the luminal diameter of any major cor- 
onary arterial segment. 

Clinical features: Patients were characterized using a total 

of 130 individual clinical, laboratory and angiographic vari- 
ables.? Because only a portion of the baseline electrocardio- 
grams were read at a central reading site, 281 randomly se- 
lected patients from both the control and aneurysm groups 
had their electrocardiograms read by readers who were un- 
aware of patient data using a modification of the Minnesota 
code. Specifically, the rhythm, presence and severity of ven- 
tricular premature beats, intraventricular conduction delay 
and definite transmural (Q wave) infarction as well as the lo- 
cation of the infarction were identified. The size of the infarct 
and the magnitude of the associated S-T segment elevation 
were measured. Complete follow-up information was available 
in 99.7 percent of patients? 

Angiography: Coronary angiography was performed in all 
patients using either the brachial or femoral arterial approach. 
Single, double or triple vessel disease was identified according 
to the involvement of the left anterior descending, left cir- 
cumflex or right coronary arteries or their major branches by 
significant stenosis (70 percent or greater narrowing of luminal 
diameter). A stenosis of 50 percent or greater located in the 
‘left main artery was also considered significant.® 

Left ventriculography was performed in the 30? right an- 
terior oblique view. The ventriculogram was divided into five 
segments and the degree of wall motion abnormality coded 
for each individual segment (Fig. 1), Wall motion was char- 

acterized as normal, moderately hypokinetic, severely hypo- 
kinetic, akinetic or dyskinetic. À category of aneurysm was 
also possible in this grading system. Left ventricular aneurysm 
was defined by the CASS protocol as a segment of the left 
ventricular wall protruding from the expected outline of the 
ventricular chamber, displaying either akinetic or dyskinetic 
motion.’ All aneurysms had generally lost the trabecular 
pattern characteristic of the left ventricular endocardial 
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. FIGURE 1. The ventriculogram (right anterior oblique projection) was 


divided into five segments. The systclic contraction pattern of each of 


these five segments was numerically scored. See text for details. LA 
-= left atrium; LV = left ventricle. 
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outline. In addition, an aneurysm comprised an area discrete 
enough to raise the possibility (angiographically) of surgical 
resection. The interpretation of segmental wall motion ab- 
normalities has had a 93 percent interobserver agreement 
within the CASS participating institutions.? 

Left ventricular function: Ejection fraction was available 
in only 50 percent of patients, and a residual ejection fraction 
(the ejection fraction of the contracting myocardium) was 
available in 150 patients. Because of the small number of 
patients, a left ventricular score was derived to serve as an 
overall measure of left ventricular function. This total left 
ventricular score was derived from the ventriculogram using 
a scoring system (Fig. 1). The ventricle was divided into five 
segments: anterobasal, anterolateral, apical, diaphragmatic 
and posterobasal. Left ventricular wall motion abnormalities 
for each segment were subjectively assessed and scored nu- 
merically as follows: normal 1, moderate hypokinesia 2, severe 
hypokinesia 3, akinesia 4, dyskinesia 5 and aneurysm 6. A 
normally contracting left ventricle was therefore scored as 5. 
Because the left ventricular score would be influenced by the 
presence or absence of an aneurysm, a corrected left ven- 
tricular score was created so that each segment was scored as 
noted except that akinesia, dyskinesia and aneurysm were all 
scored as 4. In addition, a third method of quantitating wall 
motion was utilized in order to assess the motion of the 
nonaneurysmal contracting portion of the ventricle alone. This 
residual left ventricular score was calculated by adding the 
wall motion score of all ventricular segments that were con- 
tracting (coded less than 4) divided by the total number of 
segments contracting. For example, if segments 2 and 3 were 
aneurysmal but the three remaining segments were normally 
Muir the residual left ventricular score would be 1 + 
] t 1/3 7 1. 

Statistical methods: To determine the important pre- 
dictors of left ventricular aneurysm, variables were analyzed 
univariately by chi-square and t tests and multivariately using 
stepwise discriminant analysis.!? Survival data were analyzed 
with standard life table analysis and by the Cox survival 
analysis.! -!? The data from all patients were used in com- 
puting the medical survival curves. Survival analyses were 
computed both by removing data from surgically treated pa- 
tients from the analysis at the time of surgery and by including 
these data for the complete follow-up period. 

The relative prognostic significance of the total left ven- 
tricular score, corrected left ventricular score and residual 
left ventricular score was estimated by a series of eight Cox 
survival analyses. The three scores in their eight possible 
combinations were added to a model containing age and 
functional impairment. The statistical significance of each 
model was determined by comparison of the log likeli- 
hoods.!? 


Results 


Incidence and associated coronary artery dis- 
ease: The presence of a left ventricular aneurysm was 
angiographically documented in 7.6 percent (1,136 of 
15,019) of all patients in the study with coronary artery 
disease (defined as 50 percent or greater stenosis) of 
luminal diameter of a major coronary arterial segment. 
The incidence of left ventricular aneurysm varied from 
1 to 28 percent among the 15 institutions; however, in 
11 of the 15 the incidence ranged between 4 and 9 per- 
cent, and only 1 institution had an incidence greater 
than 2 standard deviations from the mean. Analysis of 
the data with and without this site yielded no significant 
differences. The mean (+ standard error of the mean) 
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age for the group with aneurysm was 54 + 9.5 years. In 
the majority of patients, the site of the aneurysm was 
located i in the anterior wall of the ventricle. 

The extent of coronary artery disease in the group 

- with aneurysm was equally distributed, with 31 percent 
exhibiting one vessel disease, 31 percent two vessel 

disease and 38 percent three vessel disease. Sixteen 
patients had left ventricular aneurysm but had less than 

. 50 percent stenosis of any major coronary arterial seg- 
ment. Seventy-seven percent of the anterior aneurysms 
were associated with high grade stenosis (greater than 
90 percent) of the proximal or mid left anterior de- 
scending artery. The mean ejection fraction was 42 + 
6 percent for the group with aneurysm and 59 + 15 
percent for the control group. 

Clinical and angiographic correlates of left 
ventricular aneurysm: In an attempt to determine the 
important predictors of left ventricular aneurysm, we 
compared 130 baseline clinical and angiographic vari- 
ables in patients with ventricular aneurysm and the 
control group. The prevalence of each significant vari- 

. able for both groups of patients is listed in Table I. The 
-variables most often seen in patients with ventricular 
aneurysm were: a history of myocardial infarction (92 
percent) and an ejection fraction of less than 0.50 (68 
3 percent of patients). 
"The clinical variables analyzed with multiple 
| discriminant analysis revealed that the presence of an 
S5 gallop (F = 227) followed by a documented previous 
myocardial infarction (F = 223) were the most signifi- 
- eant variables (Table II). Rales, cardiac enlargement on 
. chest X-ray study, absence of angina, digitalis therapy, 
murmur of mitral regurgitation and congestive heart 
failure were also key variables in categorizing patients 
: with ventricular aneurysm. Among the 281 patients 
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whose electrocardiogram was read, a multiple discsim- i 
inant analysis identified the presence of a transmural _ 
(Q wave) infarction by electrocardiogram, absence of _ 
an inferior myocardial infarction, absence of angina; and _ 
cardiac enlargement on chest X-ray study as important .- 
variables in distinguishing patients with aneurysm. 
Classification was correct in 79 percent of the patients; | 
Without the electrocardiographic variables, classifica- 
tion of this population was correct in only 70 percent: 
Important predictors of survival in patients with 
left ventricular aneurysm: The cumulative survival 
rates at 1, 2, 3 and 4 years were 90, 84, 79 and 71 percent, 
respectively, for medically treated patients with left. 


TABLE Il 


Clinical Variables Important in Identifying Left Ventricular 
Aneurysm (Multivariate Analysis)* | 


F Value. 









Ail Patients With Coronary Artery Disease (n= = 43, 970) - 


, 9g gallop 200. -— 
Previous myocardial infarction 224. 
Rales 35. 
Enlarged heart on x-ray 34. 
Angina (predominant symptom) 17 
Digitalis 14 
Murmur of mitral regurgitation 12 











Congestive heart failure | 0M 
Patients With Electrocardiograms (n = 281) ku 


No transmural (Q wave) infarction | . 99 

inferior myocardial infarction b Er 
Angina ; E. - 
Enlarged heart on X-ray examination x ES 


S Discriminant analysis (patients with aneurysm versus. contro : 
group). N 





CUMULATIVE. SURVIVAL 


YEARS OF EXPOSURE 

.. FIGURE 2. The cumulative survival (product-limit method) of the patients 
with left ventricular aneurysm (circles) and the registry patients with 
coronary artery disease (CAD) but without a left ventricular aneurysm - 
(triangles). p = probability. 


ventricular aneurysm. When compared with the medi- 
~ cally treated control group without left ventricular an- 
. eurysm, patients with an aneurysm had a significantly 
.. lower rate of survival (p «0.0001) (Fig. 2). However, 
when adjustment. by stratification was made for left 
ventricular score and degree of functional impairment, 
-survival in the group with aneurysm did not differ from 
-that in the control group (p = 0.89) by pooled log rank 
- test. Further, in a Cox analysis of survival for all pa- 
. tients, after functional impairment and left ventricular 
<- Score were included in the model, aneurysm was no 
longer significant (p = 0.18). The results of a second Cox 
survival analysis, restricted to patients with aneurysm, 
are given in Table III. The most important variables 
-related to survival in patients with aneurysm were age, 
: end-diastolic pressure, residual left ventricular score, 
. functional impairment due to congestive heart failure, 
number of vessel diseased, mitral regurgitation, Ss 


` TABLE ili 
. Important Clinical and Angiographic Variables Affecting 


-Survival in Patients With Left Ventricular Aneurysm (Cox 
. regression model) 








Beta 

i Variable p Value Coefficient 
Age 0.0001 0.0484 
c Poskdua left ventricular 0.0007 0.4650 
. LVEDP 0.0010 0.0373 
^: Functional impairment due to 0.0011 0.2025 
< congestive heart failure: 
^. none (0), no impairment (1), 
—' mild (2), moderate (3), 

. severe (4) 

D Number of diseased vessels: 0.0036 0.3038 
m one 0 two ( (2), 

B Mitral regurgitation by 0.0196 0.2727 
A. angiography: none (1), mild (2), 
. moderate (3), severe (4) 
^ S83 gallop on physical examination: 0.0198 0.4290 
:. present {1), absent(2) 


: Previous cardiac arrest: —— 0.0260 0.6034 
2 pot yes (1) T. 
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FIGURE 3. Graphic illustration of the overlap among the three method: 
of assessing left ventricular (LV) wall metion in relation to mortality a: 
determined by the individual chi square tests from the Cox regressior 
analysis. 


gallop and previous cardiac arrest. These results wer« 
similar whether the data from patients treated surgi. 
cally were included in the analysis for the entire fol. 
low-up period or whether they were removed from th« 
analysis at the time of surgery. 

The prognostic significance of survival of the total lef 
ventricular score, the corrected left ventricular score 
and the residual left ventricular score as measures ol 
left ventricular dysfunction were compared using the 
Cox model. After adjustment for age and functional 
impairment, each cf the three scores added statistically 
significant predictive information as measured by a 
chi-square test with 1 degree of freedom (x7). The x; 
statistics were 16, 22 and 27 for the three scores (p= 0.05 
for x? > 3.84). The overlap in the three scores is illus- 
trated schematically by Figure 3. The figure is a parti- 
tion of the individual chi square tests into component 
parts. It may be seen that the data in both the corrected 
and total left ventricular scores have substantial 
overlap with the residual left ventricular score. When 
the residual left ventricular score is known (x? = 27 = 
4+ 4+ 10 + 9), the additional contributions to the 
chi-square from the total left ventricular score (x1 = 
2) and from the corrected left ventricular score (x? = 
3) are not significant (p 20.05). This indicates that in 
patients with aneurysm, the status of the contracting 
portion of the ventricle is more important prognostically 
than is overall left ventricular function, although the 
difference is small. | 

The cause of death was related to cardiac disease in 
65 percent of the control group and in 74 percent of the 
group with aneurysm. The incidence of sudden unex- 
plained death (10 percent) was similar in the two groups. 
Noncardiac mortality was significantly higher (12 per- 
cent) in the control group than in the group with an- 
eurysm (6 percent). 


Discussion 


The Haters history of medically treated patients. with 
left ventricular aneurysm is inadequately defined.!-5 
This is due in part to the difficulty in early identification 


of patients with aneurysm before death and, in many 


series, to the small number of patients reported. The 


present study provides the first available information 






| large number of patients with angiographically 
ned left ventricular aneurysm NER up pro- 


inical and angiographic data on more than 13. 000 
patients with documented coronary artery disease col- 
lected from 15 participating sites. From this registry, 
l, Sad o patiente (7.6 percent of those with significant 


b ) ev 
stu iun have anor a 3 to 15 percent CE 
rate of autopsy-proved left ventricular aneurysm in 
patients sustaining a myocardial infarction. 

 Gorlin et al.!? first described an angiographic aneu- 
rysm as a discrete localized akinetic or dyskinetic seg- 
ment seen on left ventricular angiography. Hemody- 
namic studies'4 demonstrated that cardiac enlargement 
was likely to occur when more than 20 percent of the left 
ventricular area was inactivated. In addition, it was 
recognized that an angiographic aneurysm may not 
correlate with pathologic or surgical findings. Gorlin et 
al.!? described 9 of 16 patients with an angiographic 
aneurysm who had either all muscle or muscle plus fi- 
brosis in the aneurysm at the time of necropsy or sur- 
zery, Because autopsy material and surgical findings 
were not systematically obtained in our study, correla- 
tion of angiographic and anatomically defined aneurysm 
could not be made and therfore the results of our report 
may not be directly comparable with prior pathologic 

ata. 

‘Clinical features associated with ventricular 
aneurysm: In the present study, several clinical vari- 
ibles were found to differ in patients with and without 
aneurysm. The most striking but expected difference 
was the large incidence of prior myocardial infarction 
in the former group. Nevertheless, 8 percent of patients 
had no known history of myocardial infarction, although 
their angiograms revealed the typical appearance of an 
aneurysm. These patients most likely represent a group 
of patients with silent myocardial infarction; however, 
;xXther causes of the aneurysm may have been present. 
aroup differences were also noted in several clinical and 
angiographic variables of left ventricular dysfunction 
such as ejection fraction, digitalis therapy, left ven- 
sricular end-diastolic pressure and S; gallop. Never- 
theless, only 28 percent of patients with an aneurysm 
3ad a history of congestive heart failure. This low inci- 
lence rate of symptomatic heart failure is in contrast 
with data from prior pathologic studies and lower than 
chat reported by Gorlin et al.,!? who found that 11 of 24 
;atients with angiographically defined aneurysm had 
»vidence of overt congestive heart failure. This differ- 
once may reflect the more aggressive medical manage- 
ment of recent years utilizing vasodilators and potent 
diuretic drugs; it may also reflect the greater proportion 
of patients with a small aneurysm and preserved left 
ventricular function found in our study. Features not 
associated with aneurysm included hypertension, dia- 


setes and other risk factors. Schlichter et al.! reported. | 





that 67 percent of 108 patients with left ventricular .- 
aneurysm were hypertensive and speculated that hy- 
pertension may be important in the development of an 
aneurysm. | 

Our study indicates that a left ventricular aneurysm s 
is commonly associated with multivessel coronary 
disease and also with high grade coronary arterialob- > 
struction. Seventy percent of the patients with anterior. 








aneurysm were found to have a greater than 90 percent _ 


stenosis of the proximal or mid left anterior descending = 
artery. Analysis of the coronary anatomy demonstrated = 
that fewer than one third had single vessel disease. .- 
These findings are in contrast to those of Rogers et al. 
who reported that 49 percent of patients. undergoing - : 
surgery for aneurysmectomy had single vessel dis- 
ease. 
Clinical diagnosis: Despite the clinical and angio- 
graphic distinctions between patients with and without . 
aneurysm, it is often difficult to predict which patient 
will have an aneurysm. Earlier studies have suggested 
that as many as three of four patients with aneurysm are 
missed on routine screening.? The absence of the typical : 
electrocardiographic changes, a normal physical ex- — 
amination, and a normal chest X-ray film often obscure |. 
the diagnosis. In this study, a combination of clinical 
and historical features allowed correct identification of _ 
70 percent of the patients with aneurysm. Although we 
could not assess the electrocardiogram in predicting 
aneurysm in the total population, in a representative 
subset, the size of the transmural (Q wave) infarct and 
degree of S- T segment elevation were highly specific for 
left ventricular aneurysm; by combining the clinical and 
electrocardiographic criteria, an aneurysm could be 
predicted 79 percent of the time. The baseline data 
forms used in this study did not provide information 
about the presence of an abnormal precordial bulge or 
the typical left ventricular contour on chest X-ray film 
characteristic of an aneurysm. Gorlin et al.,!? using these 
variables in addition to the electrocardiogram, believed 
that an aneurysm could be identified in more than 80 
percent of patients with an anterior aneurysm, and our — 
results are entirely consistent with this observation. The 
use of noninvasive techniques has made the clinical 
recognition less important than in the past and may 
allow earlier detection of this condition. ui 
Prognosis: The prognosis of patients with left ven- — 
tricular aneurysm was significantly worse than fora 
medically treated control group; survival rates at 1,2, .. 
3 and 4 years were 90, 84, 79 and 71 percent, respec- 
tively. These survival data, although not directly com- = < 
parable, are significantly better than those of patients _ 
with a pathologically defined left ventricular aneurysm. > 
Schlichter et al.! reported that 88 percent of patients ..— 
died within 5 years of the diagnosis of aneurysm, with 
70 percent succumbing to congestive heart failure. 
Dubnow et al? reported a 73 percent mortality rate at 
5 years while Davis and Ebert? found that the average 
time from initial myocardial infarction until death 
4.8 years. Shattenburg et al.* reported that 18 o 
nonsurgically treated patients died an average of 39 














months after the diagnosis of aneurysm, with progres E 
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.. sion of coronary artery disease and congestive heart 
. failure being responsible for an equal number of deaths. 
- The improved survival rate reported in our study could 
reflect the difference in definition of left ventricular 
~- aneurysm, the prospective nature of our study or the 
` improvement in medical therapy that has occurred since 
_ these earlier reports. 

_ Clinical and angiographic variables predicting 

-— prognosis: A major finding of our study is that there 
. were no differences in the mortality of a left ventricular 
. aneurysm and that of patients without an aneurysm 
who had an equal degree of left ventricular dysfunction. 
‘This finding suggests that, in patients treated medically, 
. left ventricular aneurysm has no independent influence 
on survival. With use of the Cox model, analysis re- 
 vealed that the presence or absence of left ventricular 

aneurysm was likewise not predictive of survival, again 
verifying that the presence of an aneurysm has no in- 

dependent prognostic importance. 

-= Iwa separate analysis of only patients with aneurysm, 
-9 clinical and 12 angiographic variables were found to 
influence survival. The age of patients was found to be 

the most important single prognostic variable and was 

indépendent of left ventricular function, which ranked 
second. Left ventricular end-diastolic pressure proved 

.. to have prognostic influence; this finding suggests that 
- In some way left ventricular compliance may be im- 

portant because measurement of left ventricular volume 
had no relation to survival. Functional status due to 
< congestive heart failure was important and, as would be 

expected, the severity of coronary artery disease had a 
-significant influence on survival. Although mitral 
. regurgitation occurred in a minority of patients, it was 

related to poor survival. Thus young patients with 

"preserved left ventricular function and no signs or 
symptoms of congestive heart failure have an excellent 

prognosis (see Appendix, Fig. 4). 

The presence of ventricular arrhythmias has been 
shown to be prognostically important 5; however, in- 
formation relating to complex ventricular arrhythmias 
was not routinely available for analysis in our study. 
- Because the incidence of sudden death was not signifi- 
_ cantly different in patients with aneurysm and control 
. patients, it might be expected that the incidence of 
. ventricular arrhythmias was no greater in the group 
With aneurysm than in the control group. 

Several studies!9-18 have suggested that the degree 
of overall left ventricular function is less important 

«than the function of the nonaneurysmal wall in de- 
termining surgical survival. Various methods of ana- 
- lyzing the function of the nonaneurysmal left ventric- 
cular wall have been evaluated. Although direct com- 
-parisons with our study are not possible owing to the 
-data available for analysis, several indexes of left ven- 
: tricular function were created. Using the Cox model, 
comparisons were made of total left ventricular score, 
corrected left ventricular score and residual left ven- 
„tricular score. The residual left ventricular score was 
-most predictive of patient outcome; however, all scores 
measuring ventricular function were prognostically 





important, with estimates of the overall left ventriculai 
function proving slightly less important than residua. 
function. 

Surgical implications: Our findings confirm that 
patients with angiographically defined left ventricular 
aneurysm have a reduced survival rate. Our data alsc 
suggest that the prognosis of this group is primarily 
related to left ventricular dysfunction and not to the 
presence of the aneurysm. Whether or not clinical rec- 
ognition of a left ventricular aneurysm is important in 
the management of patients with coronary artery dis- 
ease remains to be answered. It is possible that the 
morbidity of patients with coronary artery disease may 
be affected by the presence of an aneurysm, although 
survival is not. Likewise, the influences of surgery in 
altering this natural history needs to be further clarified 
to determine if left ventricular resection with or without 
coronary bypass surgery is important in the manage- 
ment of these patients. Our findings provide new and 
important data necessary for the evaluation of surgical 
results in patients with left ventricular aneurysm. 


APPENDIX | 


Using the Cox analysis, the survival curve for any individual 
patient can be calculated according to the following formula. 
For the sake of simplicity only the first five variables are 
used: 


F (t) = Fo (te 


where 
Fo (1) = 0.90 
Fo (2) = 0.84 
Fo (3) = 0.79 
Fy (4) = 0,71 
Fo (5) = 0.69 
and 


X = C + BX; + BX + Xa 4X4 + BsX5 
where 


C = 4,7175 
X, = age in years 


Ag ENO BCS # segments scored <4 
X3 = LVEDP mm Hg 

X4 = impairment (0—4) 

X5 = number vessels diseased (0-3) 

pi = 0.0484 

Bg = 0.2025 


F (t) is the probability of surviving until time t (years): 
Examples—-see Figure 4 | 

a. Hypothetical high risk patient: 

A 65 year old man with moderate impairment due to con- 
gestive heart failure, a high residual score (2.5), three vessel 
disease and an elevated left ventricular end-diastolic pressure 
(22mm Hg). — 


sum of scores «4 | s 
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Low Risk Potent 


Aneurysm Group 


X. High Risk Patient 


YEARS 


. FIGURE 4. The survival curve for all patients with a left ventricular 
aneurysm (squares) is plotted against the survival curve for a hypo- 
thetical high risk (circles) and a hypothetical low risk patient (triangles) 
as determined by the Cox equation (see Appendix). 


F (1) = 0.50 
F (2) = 0.31 
F (3) = 0.21 
F (4) = 0.10 
F (5) = 0.09 


X = 1.8932 e* = 6.6406 


b. Hypothetical low risk patient: 

A 45 year old man who has no functional impairment, single 
. vessel disease and a good residual left ventricular score (1) 
with a left ventricular end-diastolic pressure of 15 mm Hg. 


F (1) = 0.96 
F (2) = 0.94 
F (3) = 0.88 
F (4) = 0.87 
X = —1.0087 e* = 0.3647 
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Operating Clinical Sites and Physician 
, Participants in the Coronary Artery Surgery Study (CASS) 


University of Alabama in Birmingham: William J. Rogers, 
MD, FACC*, Richard O; Russell, Jr., MD, FACC, Albert 
- Oberman, MD, Nicholas T. Kouchoukos, MD, FACC. ‘Albany 
Medical College: Julio A. Sosa, MD, FACC*, Martin F. 
: Sete MD*, Thomas M. Older, MD, FACC, Eric D. 





















Foster, MD, FACC, Joseph Mcillduff, MD, PACC. 
Linda University: Melvin P. Judkins, MD, FACC*, P 

M. Moloney, MD. Boston University: Thomas J. Ryan 
FACC*, Robert L. Berger, MD, FACC, David P. Faxon 
FACC, Donald A. Weiner, MD, FACC, Laura F. Wexler, ^ 
Marshfield Medical Foundation, Inc.: Wiliam O. M. yer 
MD, FACC*, Richard D. Sautter, MD*, John N. Bowell, MI 
Dieter M. Voss, MD, Robert D. Carlson, MD.  Massachuset 
General Hospital: J. Warren Harthorne, MD, FACC*, 
Gerald Austen, MD, FACC, Robert T Dinsmore, » MD, FA 








Robert L. Five, MD, FACCA, ahd C. Smith, MD. FAC! | : 
Ronald E. Vlietstra, MD, FACC, Richard E. Fulton, MD. 

Miami Heart Institute: Arthur: J, Gosselin, MD, FACC*, . 
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TRIDIL SYST 


delivers a new level of therapeutic precision to the treatment of CHF 
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Brief Summary of Full Prescribing Information 


NOT FOR DIRECT INTRAVENOUS INJECTION. TRIDIL* MUST BE DILUTED IN DEXTROSE 
(5%) INJECTION, USP OR SODIUM CHLORIDE (0.9%) INJECTION, USP PRIOR TO ITS 
INFUSION (SEE DOSAGE AND ADMINISTRATION SECTION OF FULL PRESCRIBING 
INFORMATION). THE ADMINISTRATION SET USED FOR INFUSION WILL AFFECT THE 
AMOUNT OF TRIDIL DELIVERED TO THE PATIENT. (SEE WARNINGS, AND DOSAGE AND 
ADMINISTRATION SECTIONS.) 


CAUTION 

SEVERAL PREPARATIONS OF NITROGLYCERIN FOR INJECTION ARE AVAILABLE. THEY 
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DOSAGE AND ADMINISTRATION INSTRUCTIONS. 


CONTRAINDICATIONS 
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1. A known hypersensitivity to nitroglycerin or a known idiosyncratic reaction to organic 
nitrates. 

2. Hypotension or uncorrected hypovolemia, as the use of TRIDIL in such states could 
produce severe hypotension or shock. 

3. Increased intracranial pressure (e.g., head trauma or cerebral hemorrhage). 
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absorbed by the polyvinyichloride (PVC) tubing of the intravenous administration sets 
currently in general use. The higher rates of absorption occur when flow rates age low, 
nitroglycerin concentrations are high, and the administration set is long. Although the rate 
of loss is highest during the early phase of infusion (when flow rates are lowest) the loss is 
neither constant nor self-limiting; consequently no simple calculation or correction can be 
performed to convert the theoretical infusion rate (based on the concentration of the 
infusion solution) to the actual delivery rate. 

Because of this problem, American Critical Care has developed TRIDILSET™ an 
administration set in which loss of TRIDIL is minimal (less than 1%). TRIDILSET (or a similar 
administration set) is recommended for infusions of TRIDIL. 

DOSING INSTRUCTIONS MUST BE FOLLOWED WITH CARE. IT SHOULD BE NOTED 
THAT WHEN TRIDILSET IS USED, THE CALCULATED DOSE WILL BE DELIVERED TO THE 
PATIÉNT BECAUSE THE LOSS OF TRIDIL DUE TO ABSORPTION IN STANDARD PVC 
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and the attendant risk of ischemia, thrombosis, and altered function of these organs. 
Paradoxical bradycardia and increased angina pectoris may accompany nitroglycerin- 
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especially sensitive to the hypotensive effects of TRIDIL. If pulmonary capillary wedge 
pressure is being monitored, it will be noted that a fall in wedge pressure precedes the onset 
of arterial hypotension, and the pulmonary capillary wedge pressure is thus a useful guide to 
safe titration of the drug. 


Carcinogenesis, mutagenesis, impairment of fertility 
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known whether TRIDIL can cause fetal harm when administered to a pregnant woman or can 
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There is no fixed optimum dose of TRIDIL. Due to variations in the responsiveness of 
individual patients to the drug. each patient must be titrated to the desired level of hemodynamic 
function. Therefore, continuous monitoring of physiologic parameters (e.g., blood pressure 
and heart rate in all patients, other measurements such as pulmonary capillary wedge 
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comprehensive study 
of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University of 
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Every cardiologist, internist, pediatrician, surgeon—indeed, 
every physician —should have a good basic knowledge of 

the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


[. V5 of all pre-excitation cases are misdiagnosed. 

LJ 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

L] In '^ of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

(] V5 to ¥2 of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 

invaluable to anyone seriously interested in the Wolff- 
Parkinson-White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 

genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiologyv. " 

Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 


the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 
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8 GREAT BOOK BUYS ... 


... PLACE YOUR ORDER TODAY! 


E CROSS-SECTIONAL ECHOCARDIOGRAPHY 


By ARTHUR E. WEYMAN, M.D., Harvard Medical School, 
Boston, Massachusetts. This new book presents a com- 
plete overview of the historical development, physical 
principles, techniques and clinical applications of cross- 
sectional echocardiography. A detailed and consistent 
method for cross-sectional image recording and inter- 
pretation is presented in a manner that allows the reader 
to obtain accurate and reproducible data. Since it is pri- 
marily the work of a single author, the text is balanced, 
comprehensive, and free of redundancy. 526 pp. (7 X 10), 
401 illus., 1982, $48.50. 


@ PROGRESS IN CARDIOLOGY. 10 


Edited by PAUL N. YU, M.D., University of Rochester 
School of Medicine and Dentistry, Rochester, New York; 
and JOHN F. GOODWIN, M.D., Royal Postgraduate Medical 
School, London, England. This tenth anniversary volume 
is very special. Dedicated to Sir John McMichael, it con- 
tains more pages than preceeding volumes and both an 
author and subject index for all ten volumes. The authors, 
each an expert in his own area, have been asked to ex- 
trapolate on the future course of cardiovascular disease 
and treatment based on their own developing trends and 
evolution in research. 409 pp. (7 X 10), illus., 1981, 
$38.50. 


E DOPPLER ULTRASOUND IN CARDIOLOGY: 


Physical Principles and Clinical Applications 

By LIV HATLE, M.D., University of Trondheim, Department 
of Medicine, Trondheim, Norway; and BJORN ANGELSEN, 
dr. techn., The Foundation of Scientific and Industrial 
Research at the Norwegian Institute of Technology, 
Trondheim, Norway. This unique book is the first in the 
field and presents new research and new means of using 
Doppler technique in cardiology, including physical prin- 
ciples. It is directed to cardiologists who would appreciate 
an introductory review to new applications of the tech- 
nique. About 205 pp., illus., September 1982. 


E CARDIAC RHYTHM DISTURBANCES: 


A Step by Step Approach 

By WILLIAM FOX, M.D., University of Chicago School of 
Medicine, Chicago, Illinois; and EMANUEL STEIN, M.D., 
Eastern Virginia Medical School, Norfolk, Virginia. This 
is a skillfully written ''how to” book on the interpretation 
of electrocardiograms. In addition to being a teaching 
book, it also serves as an atlas illustrating the vast majority 
of rhythm disturbances encountered in clinical practice. 
The text has been designed to accommodate readers with 
varying degrees of sophistication. About 250 pp. (8'/5 X 
11), 241 ECGs (many with more than one tracing), 13 
figures, 18 tables, January 1983. 
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E FUNDAMENTAL CARDIOVASCULAR AND 


PULMONARY PHYSIOLOGY: 
An Integrated Approach for Medicine 


By JERRY FRANKLIN GREEN, Ph.D., University of Cali- 
fornia School of Medicine, Davis. This complete text is the 
only book which offers a complete and well-balanced 
review of both cardiovascular and pulmonary physiology 
under one cover. Basic concepts of volume-pressure and 
pressure-flow relationships as well as transport processes 
are discussed. A separate section is devoted to each of 
three topics: cardiac, vascular, and pulmonary physiology. 
347 pp., 141 illus., tables, 1982. $20.00. 


@ INTENSIVE AND REHABILITATIVE RESPIRATORY 


CARE: 

A Practical Approach to the Management of Acute and 
Chronic Respiratory Failure, 3rd ed. 

Edited and with contributions by THOMAS L. PETTY, M.D., 
University of Colorado Health Sciences Center, Denver. 
This new third edition is completely revised. Methods of 
care for respiratory failure and clinical applications as well 
as common problems resulting in acute respiratory failure 
are discussed. Totally new chapters have been added on 
hemodynamic monitoring and ethical considerations in 
respiratory care. 464 pp., 173 illus., 73 tables, 1982, 
$28.50. 


E EXERCISE PHYSIOLOGY: 


Energy, Nutrition, and Human Performance 

By WILLIAM D. McARDLE, Ph.D., Queens College of the 
City University of New York, Flushing, New York; FRANK 
Il. KATCH, Ph.D., University of Massachusetts, Amherst, 
Massachusetts; and VICTOR L. KATCH, Ph.D., University 
of Michigan, Ann Arbor, Michigan. Integrating basic 
concepts of physiology, metabolism, and nutrition, this 
book stresses that exercise performance is largely de- 
termined by one's capacity to generate energy. The dis- 
cussion develops progressively from basic principles to 
practical application. 508 pp. (7 X 10), 70 illus., 123 
charts and graphs, 88 tables, 1981, $19.50. 


@ ECHOCARDIOGRAPHY: 


Techniques and Interpretation, 2nd ed. 

By SONIA CHANG, B.S., Riverside Hospital, Toledo, Ohio. 
With the assistance of JOHN K. CHANG, Riverside Hos- 
pital, Toledo, Ohio. This completely revised and enlarged 
edition incorporates the newer techniques of two-di- 
mensional echocardiography with M-mode techniques for 
practical clinical cardiovascular evaluation. The text di- 
rects the reader toward important clinical findings, correct 
recording techniques, pitfalls and interpretation of the 
echographic patterns of motion. Illustrations and line 
drawings are included. 362 pp. (714 X 1014), 289 illus., 
1981, $22.50. 
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continuous multiple-day, multiple-lead 
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make 24-hour reports ... readable in 
minutes for your diagnosis and 
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International Conference on 
Cardiac Arrest and Resuscitation 
19-21 October 1982 


The Brighton Conference Centre e Brighton, England 


Sponsored by 
The British Heart Foundation 


in association with 
Community Resuscitation Advisory Council 


BASICS / Royal Postgraduate / Medical School 





Day 1 Day 2 Day 3 

Defining the Problem Problems in the Management Future Trends in 
The Mechanisms of Cardiac of Cardiac Arrest Resuscitation 
Arrest The European Experience of 

The Predictors of Cardiac Resuscitation Ambulances 

Arrest Other Problems of 


Resuscitation 
For further information please contact: 


Conference Services Limited 3 Bute Street London SW7 3EY UK 
Telephone: 01-584 4226 Telex: 916054 
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The Second Issue of the New Annual providing a multidisciplinary 


approach to the latest, 


ation on the state- . 





most important inf 


of-the-art of cardiovascular medicine and surgery 





What is CARDIOLOGY 1982? CARDIOLOGY: 1982 provides in a concise and readable format and 


Th di | aeneus qb behed inih style fundamental anc new information essential to understanding the 
e Ne Second In an annual Series to oe publisned in ine current thinking on managing cardiovascular disease. It coordinates 


SPRING each year 


what's new with well-established data, arming the reader with a per- 


€ A review of the year’s newest and most important spective on the field which is simply unavailable elsewhere. its liberal 


developments in cardiology — 665 papers 


use of Hustrations and original tables condenses valuable information 
into instantly understandabie knowledge. 


€ A multidisciplinary approach to clinical and applied MS 
research based on an exhaustive search of the year's Reviews of the first edition 


Hterature 


"..Fecommend...to any reader interested in the literature of cardiology.” 
iwin B. Callen, M.D. 


€ A unique, cohesive summary of the state-of-the-art, JAMA. November, 198° 
written, not edited, by those making outstanding 


developments in the field 


"It is more than merely a reference book, since it explains what to the 


€ A practical approach to a complicated and fast-moving average physician may be obscure....a treasure house of 1980 


publications. It is highly recommended." 


subject designed to be read and used daily Philip Reichert, M.D. 


CARDIOLOGY:1982 is NOT 


® A collection of unrelated reviews 
€ An abstracting service 


New York State Journal of 
Medicine, September, 1981 


"This is an excellent book, very weil organized and written...shouid be 


on the shelf of the library, cardiologist, and internist." 
COL. Robert B. Franklin, MC, USA 


€ A rehash of materiais reacily available elsewhere Military Medicine, November 1981 


m 


$ Š 
$ es 





iia m ex ec ysi E 


Yorke Medical Books, Box C-757, Brooklyn, New York 11205 AJCG2 


[J Please send me a copy of the 1982 edition at the full price of $45.00. | do not wish to place a 
standing order. 


Cj Enclosed is my check for |... Yorke pays postage and handling. 
(Same return privilege) 
(New York residents add appropriate sales. tax. Add $5.00 per book fcr orders outside the U.S. and Canada.) 


LJ Please bill my LJ VISA DO MasterCard (same return privilege) 
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in managing 83 patients who had ventricular tachycardia not du 


This study examined the üusefudness of programmed’ electrical sim 





onary artery disease. Among 39 patients with a history of sustaine: 
ventricular tachycardia, programmed stimulation induced ventricula 
tachycardia in 14 of 14 patients with mitral valve prolapse | or primal 
electrical disease (arrhythmias without evidence of structural heart dis 
ease) and in 13 of 25 with cardiomyopathy (total 27 of 39, 69 percent) 
Programmed stimulation induced nonsustained ventricular tachycardi: 
in 15 (34 percent) of 44 patients with a history of nonsustained tachycardi: 
(5 of 13 with mitral valve prolapse, 6 of 19 with primary electrical disease 
and 4 of 12 with cardiomyopathy). Seventy-three of the 83 patients wer 
treated with antiarrhythmic drugs and then followed up for 14.4 + 11. 
months (mean + standard deviation). Drug therapy was determined with _ 
serial electrophysiologic testing in 31 patients. Twenty-four of these 3 | 
patients had a history of sustained ventricular tachycardia, and drugs _ 
prevented induction of ventricular tachycardia in 9 (none of whom man- | 
ifested symptomatic events) but did not prevent it in 15 (6 of whom had - 
symptomatic events). Among seven patients with a history of nonsustained _ 
ventricular tachycardia, drugs prevented induction of ventricular tachy- 
cardia in five (none of whom had symptomatic events) and did not prevent _ 
it in two (none of whom had symptomatic events). Forty-two patients were - 
treated using the resulls of noninvasive testing. Drugs suppressed spon- 
taneous ventricular tachycardia in 15 of 15 patients with a history of | 
sustained tachycardia (7 of whom had symptomatic events including one _ 
sudden death), and in 26 of 27 with a history of nonsustained tachycardia 
(6 of whom had symptomatic events including one sudden death). e 
Thus, in patients with ventricular tachycardia unrelated to coronary - 
artery disease: (1) programmed electrical stimulation induced ventricula 
tachycardia less often than in patients whose tachycardia was due ti 
coronary artery disease; (2) programmed stimulation induced ventrici ila 
tachycardia less often in patients with a history of nonsustained vel 
sustained tachycardia; and (3) suppression of inducible ventr cu 
tachycardia appeared to predict effective drug therapy but dru i" erap 
predicted with noninvasive testing appeared to be unreliable. - E 
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efficacy i in this group of patients. 


Study patients: I | IM consecutively studied pa- 
nts with a history of ventricular tachycardia unrelated to 
coronary artery disease form the basis of this report. Before 
heir control electrophysiologic study all patients underwent 
i complete history and physical examination and had an 
: Jectrocardiogram, chest radiogram, M mode and two di- 
_ mensional echocardiogram and 24-hour Holter electrocar- 
- diographic recording. Patients were monitored continuously 
_ by telemetry for at least 48 hours while not receiving antiar- 
_ rhythmic drugs. Eighty-one patients had a treadmill. exercise 
_ test and 56 patients underwent cardiac catheterization. 
X. Coronary artery disease was excluded by the following 
; factors: (1) no history of angina pectoris or electrocardio- 
- graphic evidence of myocardial infarction (83 patients); (2) 
_ normal coronary arteriograms (56 patients); and (3) absence 
_ of segmental ventricular wall motion abnormalities on two 
- dimensional echocardiography in the 27 patients who did not 
. undergo cardiac catheterization and normal results in 25 of 
_ these 27 patients who underwent treadmill exercise testing. 
|. AIL 83 patients were then subclassified into three groups: 
_ Group 1, cardiomyopathy. Patients were diagnosed as having 
ongestive cardiomyopathy if cardiomegaly and diminished 
. left ventricular contractility were documented on left ven- 
* triculography or echocardiography, or both. Patients were 
. diagnosed as having hypertrophic cardiomyopathy if asym- 
* metric or concentric left ventricular hypertrophy was docu- 
nented by echocardiography. Group 2, primary electrical 
isease. This group comprised patients who had arrhythmias 
no evidence of structural heart disease noted on physical 
lation, echocardiography (7 patients) or cardiac cath- 
n (21 patients). Group 3, mitral valve prolapse 
d on echocardiography. 
ohysiologic study: All 83 patients underwent an 
siologic study in the drug-free control state after 
ten informed consent. Two to four multipolar 
atheters were introduced. percutaneously into the 
bclavian or antecubital veins and positioned under 
opic guidance in the high right atrium, across the 
jid valve in the region of the His bundle, in the right 
cular apex or outflow tract, or both, and in the coronary 
| in some patients. In nine patients a single multipolar 
ctrode E atheter wa: nserted percutaneously into a femoral 
and advanct der fluoroscopic guidance into the left 
$- Intragardias ic : elec oer Tosca filtered at 30 
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L tachycardia (5 


rhythm. Ga rular pacing. . The eea was i at 
three cycle lengths (in milliseconds): 600 or more, 500 and 400. 
Premature stimuli (82) were initiated after every eighth paced 
or sinus complex beginning in late diastole and at progres- 
sively closer coupling intervals until ventricular refractoriness 
occurred. Then, the shortest coupling interval (S,-S,) resulting 
in consistent ventricular capture was chosen and a second 
premature stimulus (S5) was introduced beginning with an 
52-53 interval 100 ms longer than the S,-S» interval. The S-S; 
interval was shortened by 10 to 20 ms decrements until S3 no 
longer resulted in ventricular depolarization. If ventricular 
tachycardia was not reproducibly induced, the S,-S; interval 
was increased by 50 ms and the S--S; interval was set at 100 
ms longer than the S,-Ss interval. The S-S interval was 
shortened until the ventricle was refractory to S4, at which 
time the S,-S» interval was decreased by 10 ms intervals until 
S; again resulted in ventricular depolarization. This pacing 


sequence was repeated until the ventricle was refractory to 
S». 





4. All patients whe aid not have ventricular cichsicardia 
d ed by the preceding techniques underwent burst right 
ventricular pacing at pacing cycle lengths of 200 to 600 ms for 
1 to 15 second periods. 


If ventricular tachycardia was not induced at the first right 
ventricular endocardiai site, steps 3 and 4 were repeated at 
a second right ventricular endocardial site. In addition, nine 
patients had programmed electrical stimulation performed 
from the left ventricle. E 

Patients with history of ventricular tachycardia and 
coronary artery disease: We also examined the frequency 
of induction of ventricular tachycardia in 78 patients who had 
a history of ventricular tachycardia and coronary artery dis- 
ease. All patients had a history of angina pectoris, and all had 
either or both one or more documented transmural myocardial 
infarctions or one or more obstructive (75 percent or greater 
narrowing of luminal diameter) coronary arterial lesions de- 
fined with coronary angiography. These patients were selected 
because they had undergone a control electrophysiologic study. 
during the same time period as the study group using the same. 
pacing protocol. | | 

Electrophysiologic restudy. after drug therapy: After 
the control period, 31 patients underwent serial electro- 
physiologic drug testing. Repeat invasive testing was not. 
performed unless the tachycardia appeared to be suppressed 
by antiarrhythmic drug therapy as determined from contin- 
uous electrocardiographic monitoring, 24 hour Holter Te- , 
cording and, when possible, treadmill exercise testing: Pa- 
tients were restudied 10 to 14 days after amiodarone the} 
and 4 to 7 days after beginning therapy with other an ar 
rhythmic agents. In 42 patients drug efficacy. (that is 
ability of a drug to suppress all spontaneous episodes o 
tricular PAN was omnes by seid 
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ventricular tachycardia: ventricular tachycardia 
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‘Noninvasive testing: continuous monitoring of cardiac 
= fhythm, 24 hour Holter electrocardiographic pores and 
- atreadmill exercise test. — 
Repetitive ventricular tachycardia: frequent recurrent 
_ bursts of ventricular tachycardia exhibiting uniform contour, 
: parated by normal complexes of sinus origin?-? (Fig. 1). No 
ient had any abnormality of their normally conducted QRS 
complexes. 
_. Symptomatic ventricular tachycardia: an electrocardi- 
5 ‘ographically documented episode of ventricular tachycardia 
causing symptoms related to hemodynamic compromise in- 
eluding cardiac arrest from which a patient was successfully 
resuscitated, 

^: Sudden death; death that occurred. within 1 hour of the 
; onset of symptoms in a patient free of symptoms during the 
. preceding 24 hours and in whom no other cause of death was 
identified either by history or at autopsy. 

- Statistical analysis: T tests of significance of the difference 
. between uncorrelated proportions, Fisher's exact test and 
:; Wilcoxon ranked tests of significance were used where ap- 
-propriate to assess the significance of changes between patient 
groups. . 
E Results 

. Patient duataricrisdios The patient group con- 

ted of 83 patients who did not have coronary artery 
isease. Thirty- -seven patients had cardiomyopathy, 


eee ngestive in 30, hypertrophic without outflow ob- 
est ruction i in 4, and congestive secondary to valvular 
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e déviation) age e 14424 
patients had a history of syncope, 28 I 
dizziness, 7 had only palpitation. and 
tomatic. Thirty-four patients who 
sustained ventricular tachycardia h: 
cardioversion because of their arr 

Frequency of induction of ventri 
cardia by programmed electrica s 
(Table I): During the control study, we initiat 
1.2 (mean + standard deviation) episodes of ve 
tachycardia per patient in those in whom ventri 
tachycardia could be induced. Ventricular tachyca 
was induced in 69 percent of patients with a history 
sustained ventricular tachycardia but in only 34 percen 
of those with a history of nonsustained ventricula 
tachycardia (difference significant, p <0.05). The fre 
quency of induction of ventricular tachycardia in thi : 
entire study group of 83 patients was 51 percent. — 

Among the 39 patients with a history of sustained | 
ventricular tachycardia, sustained tachycardia wa 
induced in 13 and only nonsustained tachycardia in 
Sustained ventricular tachycardia was not induced i 
any patient with a history of nonsustained tachy 
cardia. P 

Ventricular tachycardia was not induced i in eig : 
patients who had a history of ' repetitive ventri 4 
tachycardia.” Of these patients, six had prima 
trical disease, one had. cardiomyopathy 
mitral valve prolapse. If this group was ex 
the remaining 36 patients with a history of 
ventricular tachycardia had ventricular ta 
induced. by programmed electrical stimulati 
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FIGURE. 2. Tienes of induction of ventricular tachycardia (VT) in 
patients with (CAD) and in those without (NON-CAD) coronary artery 
disease. A history of sustained ventricular tachycardia is noted by the 
white bars and nonsustained tachycardia by the stippled bars. Ven- 
tricular tachycardia was induced more frequently in patients with cor- 
onary artery disease régardless of whether they had a history of sus- 
tained p <0. 01) or r nonsustained ventricular tachycardia (p <0.05). 





dn 15 patients ventricular tachycardia was induced 
at only one of the three basic pacing cycle lengths 
tested. It was induced at the longest pacing cycle length 
(600 ms or greater) in eight patients, at the medium 
rele length (500 ms) in four and at the shortest cycle 
length (400 ms) in three. 
eft ventricular stimulation: Nine patients had left 
tricular programmed stimulation in addition to 
ation of the right ventricle. Ventricular tachy- 
t duced from both ventricles in three of these 
erigh | ventricle only in two and from the 
g nly i in one; it was not induced from either 
e patients. 
of induction of ventricular tachy- 
P ents who had coronary artery disease 
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riables (Table ID: Soveral 
ctror ologie variables were compared in patients 
who had. and did not. have induction of ventricular 
tachycardia. The only variable that differed statistically 
in the two groups was a shorter mean ventricular ef- 
fective refractory period in the group with induction of 
ventricular tachycardia (p «0.05). There was no dif- 
ference between values for this variable in the patients 
with induction of nonsustained ventricular tachycardia 
(227.2 ms) and ia those with induction of sustained. 
tachycardia (225.1 ms). 7 
Patient follow-up: Thirty-one patients underwent 
serial electrophysiologic drug testing and were followed 
up for a mean of 12.2 + 9.5 months (Fig. 3). All 31 pa- 
tients had ventricular tachycardia induced during their 
control electrephysiologic study. Before discharge, these 
patients had been treated with a mean of 4.5 + 2.1 
antiarrhythmic drugs. The drugs given to these patients 
at the time of discharge are listed in Table III. In nine 
patients with a history of sustained and in five with a 
history of nonsustained ventricular tachycardia, drug 
therapy suppressed inducible ventricular tachycardia. 
None of these 14 patients had a symptomatic event. 
during the follow-up period. In 15 patients who had a 
history of sustained ventricular tachycardia, drug 
therapy did not suppress inducible ventricular tachy- 
cardia. Fourteen of these 15 patients appeared to have 
suppression of spontaneous ventricular tachycardia as 
determined by noninvasive testing. However, the in- 
duced tachycardia was usually nonsustained or had a 
slower rate than before drug therapy, or both, and v was- 
tolerated by the patients without a need for emergency 
cardioversion. Six of these 15 patients had a symp- 
tomatic event (presyncope) related to recurrence of. 
their arrhythmia during the follow-up period. None of 
these patients required emergency cardioversion or died 
suddenly. tle 
F ort y-two patients were treated on the basis of res: d 
sults of noninvasive testing and were followed up 
a mean of 15.7 + 12.1 months (Fig. 4). In 8 of thes 
tients ventricular tachy cardia was induced and in34 
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t induced during the control electrophysiologic 
idy. This group had been treated with a mean of 3.8 
2.0 drugs before receiving their discharge antiar- 
hythmic medication (Table III). Twenty-six of the 27 
. patients with a history of nonsustained ventricular 
tachycardia had apparent suppression of their ar- 
 rhythmia as determined with noninvasive testing (Fig. 
:4). However, during the follow-up period, five patients 
_had presyncope due to recurrence of ventricular 
. tachycardia and one patient died suddenly. Fifteen 
_ patients with a history of sustained ventricular tachy- 
_ cardia had apparent suppression of spontaneous ven- 
tricular tachycardia during noninvasive evalution. 
_ Seven of these patients had a symptomatic event during 
e follow-up period (one died suddenly, one had an 
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episode of ventricular fibrillation, thr 3 
of sustained ventricular tachycardia requiri 
cardioversion and two had presyncope due to: re 
of the ventricular tachycardia). : 

In summary: Seventy-three patients were ie 
then followed up for 14.4 + 11.4 months. Duri 
period, 17 patients had symptomatic vent 
tachycardia and 2 other patients died suddenly. Of the 
19 patients, 12 had cardiomyopathy, 4 had prime 
electrical disease and 3 had mitral valve prolapse. 











Discussion - 


Serial electrophysiologic testing appears to be an ef 
fective method to determine antiarrhythmic drug e 
cacy in patients who have ventricular arrhythmi j 
However, the majority, ot pariona ibtd repo 

,and little 
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of these patients may have had 
his possibility i is unlikely be- 
à ry of angina or myocardial i in- 
I ce o ischemic heart disease in mul- 


J udo, we have determined "hart in pa- 
enis who lave ventricular tachycardia unrelated to 
nary artery disease (1) programmed electrical 
j lation induces ventricular tachycardia less often 
han in patients who have coronary artery disease; (2) 
ventricular tachycardia is induced by programmed 
- electrical stimulation more frequently in those with a 
- history of sustained than in those with a history of 
 nonsustained ventricular tachycardia; (3) sustained 
-ventricular tachycadia is not induced in those with a 
_ history of nonsustained ventricular tachycardia; (4) 
_ suppression of inducible ventricular tachycardia during 
_ serial electrophysiologic testing appears to predict ef- 
-fective drug therapy; and (5) drug therapy predicted by 
_ response to noninvasive testing appears to be unreli- 
- able. 
-Frequency of ventricular tachycardia induction: 
The frequency of induction of ventricular tachycardia 
- may relate in part to the aggressiveness of the pacing 
p protocol used. We employ a standardized protocol that 
. requires stimulating the right ventricle from at least two 
_ sites using two or more pacing cycle lengths plus burst 
_ pacing before concluding that tachycardia cannot be 
induced. With this protocol, we induced ventricular 
_ tachycardia in 91 percent of 78 patients who had ven- 
_ tricular tachycardia secondary to coronary artery dis- 
| ease, a proportion closely comparable with that in pre- 
_vious reports.-?^ Therefore, the lesser frequency of 
induction of tachycardia i in patients who do not have 
_ coronary artery disease is probably related to differ- 
ences in the patient groups and not due to the pro- 
tocol. 
- In the group with a history of sustained ventricular 
achycardia, patients who had primary electrical disease 
mitral valve prolapse had more frequent induction 
entricular tachycardia than did patients who had 
iomyopathy. The reason for the lesser frequency 
uction of ventricular tachycardia in patients with 
jathy is unclear. 
d ventricular tachycardia in 69 percent of 
à history of sustained ventricular tachy- 
4 percent of those with a history of non- 
cular tachycardia. A shorter ventricular 
ry period was found in the patients 
oye The EARR of this 
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'torines: resence- | af : wachemia: and electrolite 
milieu may affect the ability to induce ventricular 
tachycardia. | 

Role of serial electrophysiclogic drug testing in 
patients who have ventricular tachycardia unre- 
lated to coronary artery disease: The results of serial 
electrophysiologic testing determined the drug used in 
24 patients who had a history of sustained ventricular 
tachycardia. In nine patients, ventricular tachycardia 
could not be induced by programmed electrical stimu- 
lation, and these patients have had no recurrence of 
symptomatic arrhythmia. Fifteen patients did not have. 
their inducible ventricular tachycardia suppressed, and 
six had presyncopal spells related to the arrhythmia 
during the follow- -up period; but none died suddenly or 
required cardioversion. There are several reasons for the 
nonrecurrence of symptomatic events in nine patients 
who still had ventricular tachycardia induced. First, 
these patients were discharged receiving a drug that had 
a marked effect on the characteristics of their tachy- 
cardia— that is, a slower rate resulting in.no hemody- 
namic compromise or induction of only nonsustained 
tachycardia, or both. It is possible that some of these 
patients are experiencing recurrent episodes of non- 
sustained slow ventricular tachycardia that are 
asymptomatic. Second, although this group still had the 
potential circuit to maintain the tachycardia, as dem- 
onstrated at electrophysiologic study, suppression of 
spontaneous premature ventricular complexes during. 
drug therapy may have protected this group from 
symptomatic episodes of ventricular tachycardia. | 
Lastly, many of these patients received amiodarone, a 
drug that we!? and others!? demonstrated may prevent 
the occurrence of spontaneous ventricular tachycardia. 
in patients who have tachycardia induced in the else: 
trophysiology laboratory. | 

In contrast to the preceding group, 7 of the 15 pa- 
tients who had a history of sustained ventricular 
tachycardia and were treated using noninvasive testing. 
had symptomatic events. In addition to the. greater. 
frequency of symptomatic recurrence of their ar- 
rhythmia, they had more severe events including one 
sudden death, one episode of ventricular fibrillation and < 
three episodes of sustained ventricular tachycardia rē- 
quiring emergency cardioversion. These events occurred 
because their noninvasive testing was not an adequate - 
marker of drug efficacy for their arrhythmia and the 
severity of their symptomatic events was not as pre- 
dictable. Therefore, serial electroph cie estin; 
appead to poa a MESS [marker for inicr n 
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pression to determine (1) the antiarrhythmic efficacy of imipramine, (2) 


are significant advantages over many other marketed antiarrhy 


However, we had some concern about the potential for: adverse 


| who w were a y del nesned: to 





A study was performed in. cardiac patients without psychological de- 





its half-life of elimination and duration of action, and (3) the frequency 
of adverse effects. Twenty-two patients with 30 or more ventricular pre- 
mature complexes/hour entered the protocol. A drug-free and a placebo 
day were followed by dosing with imipramine, 1 mg/kg per day, given in 
two divided doses. The dose was increased by 1 mg/kg per day every 
other day until ventricular premature complexes were suppressed by at 
least 80 percent, adverse drug effects were encountered or a total daily 
dose of 5 mg/kg per day was given. Each day a 24 hour continuous 
electrocardiogram was recorded to determine the frequency of ventricular 
premature complexes and heart rate. During the acute dose-ranging pe- 
riod, 18 patients (82 percent) had an antiarrhythmic effect from imipra- 
mine. Two patients received 5 mg/kg per day without any decrease in 
the frequency of ventricular premature complexes. The half-life of elim- 
ination of imipramine (parent compound) was 8.8 + 3.72 hours but its 
duration of action was much longer. Four patients (18 percent) had 
treatment discontinued because of troublesome adverse effects during 
a follow-up period of 19 + 8.8 months. It is concluded that imipramine is 
a potent antiarrhythmic drug with a long duration of action and relatively 
few major adverse effects. 


Recently, we discovered that the tricyclic antidepressant agent, im- 
ipramine, is antiarrhythmic in psychologically depressed patients with 
ventricular premature complexes.’ 2 The antiarrhythmic effect of im- 
ipramine is noteworthy in view of the previous reviews, case reports and 
even the package insert warning that this drug may cause intracardiac 
conduction abnormalities and is arrhythmogenic.^? It has been. sug- 
gested that imipramine might be antiarrhythmic in psychologically 
depressed patients by virtue of its antidepressant effect rather ‘than a 
direct antiarrhythmic effect. We? presented evidence against thi view. 
If betel dice were Rae nor d in patients v with heart t disea se, it 
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drugs and experimental drugs now being evaluated in clinical 













“We ond ted this study ofi imipramine. i 1 








| Methods 


MN T Enn patients with heart disease 





i d who were referred by their primary physician 


the Institutional Review Board of the Colum- 
terian Medical Center, each patient had the fol- 
'edures performed: history and physical exami- 
lead electrocardiogram, chest roentgenogram, 
lood count, urinalysis, determination of blood 
blood urea nitrogen, serum electrolytes, uric acid, cal- 
1m, phosphorus and cholesterol levels, liver function tests, 
antinuclear antibody titer and lupus erythematosus cell 
s preparation. Administration of antiarrhythmic drugs other 
^. than the study drug was discontinued at least 48 hours before 
— entry into the study. | 
>c -Acute dosing protocol: During each day of the acute 
- dose-ranging study, the patients had a 24 hour continuous 
—.. electrocardiogram to assess heart rate and frequency of ven- 
-= tricular premature complexes and a standard 12 lead elec- 
.. trocardiogram to measure electrocardiographic intervals. 
.. After a drug-free day and a placebo day, dosing was begun 
ee with i imipramine (Tofranil®), 1 mg/kg per day, given orally in 
ee twoi divided doses. The dose was increased by 1 mg/kg per day 
- every other day until: (1) at least 80 percent suppression of 
^. ventricular premature complexes was observed (the effective 
< dose), which was arbitrarily selected as the end point for ef- 
<o ficacy; or (2) adverse effects related to drug administration 
- - were noted; or (3) a total of 5 mg/kg per day of imipramine was 
s given. The decision to increase the daily dose was made after 
-< <a cardiologist had scanned the 24 hour electrocardiographic 
--tapes on an Avionics scanner (model 660A). At a later date, 
"computer analysis using the program Columbia IV was uti- 
^ lized to determine the frequency and complex features of 
-ventricular premature complexes and heart rate. The mean 
rate (+ standard deviation) of detection of ventricular pre- 
mature complexes with this program is 97 6.1 percent and 
the false positive rate is 0.26 + 0.35 percent. 
~~  Toassess drug-induced changes in the electrocardiogram, 
- each day five measurements of each interval (P-R, QRS, Q-T 
.. and R-R) were taken from the standard 12 lead electrocardi- 
..ograms and the mean and standard deviation of each deter- 
- mined. The Q-T interval was corrected for heart rate using 
- Bazett's formula (Q-Tec = Q-T//R-R). 
Measurement of half-life of elimination: Every day 
~ "plasma samples were collected just before a dose and 2 hours 
^. after the dose was given. At least 2 days after the effective dose 
< was reached, samples were collected 2, 4, 6, 8 and 12 hours 
. after drug administration to determine the half-life of elimi- 
nation of the parent compound, imipramine, and the plasma 
concentration of imipramine and desmethylimipramine. The 
elimination constant (kel) of the least squares fit of the ter- 
: minal portion of the time-log concentration plot of imipramine 
— was calculated (elimination half life = 0.693/kel). 
_ Plasma concentrations of imipramine and desmethyl- 
Imipramine were determined using a gas chromatograph with 
nitrogen detector (Perkin-Elmer model 3920B). Calibration 
rves were prepared for each set of unknown samples by 
ding known amounts of imipramine, desmethylimipramine 
amitriptyline as s the internal standard. These curves were 































ee reported as nanogram per millite 
.-. desmethylimipramine.? A 


. -— standard deviation. Student's t test 


‘ed more than 30 ventricular premature com- 


: dn the study: After signing informed consent 


o 500 ng/ml and had an average . “tically significant difference 


of less than 4 percent. Samples w were. 











Data analysis: Data was. summarize 










biis to evaluate the changeant Le 









Felaton: comparing age, Sex, d dud 
classification versus the. half-life of elimina 
(p) value of less than 0. 05 was conside 








Results - 


Clinical features of patiente: I 
22 patients without clinical psych 
9 patients were men and 13 were wome 
from 31 to 74 years (mean 56 + 13.3 
heart disease (arteriosclerotic in 14, of t unknow 
in 6, congenital in 1 and hypertensive i in D.T [ 
patients had symptoms related to the presence o 
tricular premature complexes. Eleven patients 
New York Heart Association functional class!®: 
and 11 were in class III or IV. Body weight ranged 
49 to 110 kg (mean 74 + 18.4). Fourteen patients (64 
percent) were referred for treatment because they had 
not responded to one to four other antiarrhythmic drug 
and 10 (46 percent) had adverse effects from one 
three other drugs. 2 

Effect on electrocardiographic intervals 
effect of imipramine (the effective dose or the max 
dose) on the electrocardiographic intervals in the 22 
patients is summarized in Table L There was a small 
statistically significant decrease in the R- R interval (p 
«0.05) and an increase in the P-R (p <0.05), QRS ( | 
<0.05) and Q- Tc intervals (p «0.05). e 

Effect on frequency of ventricular premature 
complexes: Twenty of the 22 patients had two 24 hour 
electrocardiographic recordings before drug admini: : 
tration. The mean duration of the drug-free recordings 
was 23 + 1.2 hours and that on the day of placebo 
treatment was 23 + 1.9 hours. The relation betwee 
frequency of ventricular premature complexes/hour ; é 
complex forms during a drug-free and a placebi io tre 
ment day was analyzed by a two way analysis o 
ance. Two patients had technically inadequat 
trocardiographic tapes on the placebo day and co 




























































TABLE | 


Effect of Imipramine (effective or maxirad. dose 
Electrocardiographic: Intervals is patients] mean v 
+ standard deviation) 2d 


Electrocardiographic 
interval (ms) 


R-R 

. P-R 
QRS 
Q-Tc 


r The mean of the rúg T3 
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FIGURE 1. Average hourly: frequency cof ei 
premature complexes (VPCs) and episodes of bigeminy, 
pairs and ventricular tachycardia during: the dru g-f ree and: $ 
placebo days for 20 patients, plotted on à semilogarithmic. ` 
J Scale. A line of identity is drawn in each graph. The cor- | 
relation coefficient (r) for ventricular premature com- 

_ plexes (r = 0.89), bigeminy (r = 0.78), pairs {r = 0.82) and 
ventricular tachycardia (r = 0. 75) was derived froma log - 
transformation of a linear regression analysis of the data - 
from the drug-free and placebo days. There was no: sig- 
nificant difference between the drug-free. day or placebo. : 
day, showing that none of the ventricular, arrhyinmias E 
responded to placebo. Jud 


be included in this analysis. Neither frequency of ven- 
tricular premature complexes nor complex forms: 
showed a significant response to placebo treatmen | 


1). 
















There was wide variability among patie nts 
frequency of ventricular premature complex 
drug treatment (Fig. 1). The mean hourly 
such complexes during the drug-free and 
ranged from 33 to 1,934 (mean 578 + + 481. 

























m 80 perdunt or beatae suppression | of entricu 
premature complexes. In two patients the study criteri 
were judged to have been met when the tapes wer 
scanned, but computer analysis showed. althoug 
had pe an Fire ide dip effect, t en re w 















VPC S/R  BIGEMINY PAIRS — VT 


tE Percent reduction and the standard deviation of ventricular 
> complexes (VPCs)/hour, bigeminy, pairs and ventricular 
rdia (VT) after the maximal or effective imipramine dose 
mpared with the mean of the drug-free and placebo days. The 
numbers above the bars refer to the number of patients with each 
ventricular event. 












£ 250 nai but the patient noted stuttering and 
qd scontinued participation in the protocol. In the fourth 
. patient, who had recurrent ventricular tachycardia, an 
- intention tremor developed on a dosage of 150 mg/day 
before an 80 percent reduction in ventricular premature 
complexes was achieved. However, this patient had 
-complete suppression of both ventricular tachycardia 
- and complex features of ventricular premature com- 
. plexes. She had had recurrent sustained symptomatic 
-ventricular tachycardia that could not be suppressed 
with procainamide, quinidine, disopyramide, N- 
acetylprocainamide, mexiletine or tocainide. Although 
: the study criteria for drug efficacy were not met, this 
. patient's clinical problem was solved and she continued 
to receive imipramine on a long-term basis. 
v Imipramine not only was effective in suppressing 
"ventricular premature complexes, it was also ex- 
- tremely potent in suppressing their complex features 
_ (Fig. 2). The frequency of bigeminy was suppressed by 
|. 85 + 44.5 percent (p <0.05), of paired complexes by 89 
+ 28.9 percent (p <0.05), and of ventricular tachycardia 
by 99+ 1.7 percent (p <0.05). 
ae ‘Doses resulting in at least 80 percent suppresston 
f ventricular premature complexes in 16 patients 
nged from 100 to 350 mg/day. Figure 3A shows the 
ose-response curve for the 16 patients who had at least 
.80 percent reduction in ventricular premature 
plexes. More than half the patients responded at 
ses of less than 250 mg/day. Eleven of 16 patients in 
rhom the study criteria for drug efficacy was met had 
me or more episodes of nonsustained ventricular 
chycardia on the drug-free or the placebo 24 hour 
ecordings. The dose-response curve for ventricular 
chycardia was compared with that for ventricular 
ture complexes/hour in these 11 patients. Ven- 
La | ppressed. at smaller doses 
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FIGURE 3. Dose-response curves. A, for 16 patients who resp po 
to imipramine with at least 80 percent suppression of ventricular pr 
mature complexes (VPCs). Fifty percent of the patients had st s 
at doses of less than 250 mg/day. B, for ventricular tachycardia 
(broken line) and ventricular premature complexes (VPCs) (solid blaci 
line) in 11 patients in whom the study criteria for 80 percent or. grea 
efficacy were met and who also had ventricular tachycardia on 
drug-free and placebo day recordings. Ventricular tachycardia wa: 
suppressed at 150 mg/day or less in 50 percent of these subjects 





3B). In these 11 subjects more than 95 percent of epi 
sodes of ventricular tachycardia were. abolished. Wi 
before ventricular premature complexes were su 
pressed by 80 percent. | ur 

Imipramine plasma concentration and hal 
of elimination: At steady state, the maxim 
concentration of imipramine occurred 2.6 + 0. 
after the dose and the maximal oie 
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4, A and B). Because the. effect 
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9 62M il 45:4 
10 61M i 112 
12 51F dw .9.4 
13 TAF iV 15.1 
14 67F iV 8.4 
15 AOF iV 2505 
16 66M IV 10.7 
18 56M il : 10.1. 
20 70F it 12.0. 
22 33F iu 109.0 - 
Mean 58 10.3 . 
+ SD 12.6 ^ 82 | 
i» ipramine: e (DMI) (B) versus time for the 16 patients in whom NYHA = New York Heart Association; SD = standard deviation. 


di idy criteria for drug efficacy were met, The variability in plasma 
liprarm ine and desmethylimipramine concentrations could be related 
to dose size or individual differences i in metabolism. 
| ranging (Fig. 5). After administration of 50 mg of im- 
ipramine, a partial antiarrhythmic effect was noted for 
5 6 hours and thereafter the frequency of ventricular: 
: tout: the 1 12 hour dosing period. The marked premature complexes was approximately the same as- 
inp | imipramine and desmethylimi- in the control period. After administration of 75 mg, 
oncentrations could be related to dose size as there was effective arrhythmia control foi 8 hours. 
ual di Ultimately, after 100 mg, complete. 1mia su 
pression was achieved during the 12 hour dosi 
val. Thus, although this patient had a relatively short. 
half-life of elimination of the parent compound, thé. 
duration of drug action was long. This finding suggests. 
that © not p the sn goal pue a imipram je concen- 






















Collininatión of imipramine (parent 
8.8 + 3.72 hours. There was no 
between age, sex, dose or cardiac 
cation and the half-life of elimination. 
ial classes I and II had a slightly 
elimination (7.3 + 3.62 hours) than 
ses In and IV (10.3 + 3. 32 hours) 


























uenis ai the long d diratióire of rim iine i 
Adverse effects: | Seventeen: patients rep 

















val depends im portantly on the 
Imipramine's half-life of 
und) was relatively short in 
5 hours). We noted during 
of action exceeded the 
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E E 5. Patient 17. Relation. between frequency of ventricular premature complexes (VPCs) and plasma. imipramine (i | 
nine plus desmethylimipramine (DMI) concentration and time. A, the hourly frequency of ventricular prematur 
free. and placebo days) during 12 waking hours. B, the frequency of ventricular premature complexes and the 
'ethylimipramine concentration after administration of 50 mg of imipramine at 8 a.m. There is a decrease in ventricular prematur 
incident with the peak plasma drug concentrations. C, the frequency of ventricular premature complexes decreased greatly wher 
‘eased to 75 mg. Although the half-life of imipramine in this patient was 4 hours, the antiarrhythmic effect persisted beyond 4 hot 


: stuttering during acute dose ranging and did not con- 
-tinue the protocol. Long-term drug treatment was dis- 
. continued in two patients because of hallucinations 1 
. and 3 months, respectively, after the start of treatment 
.and in one patient because of headache after 1 month. 
< In three other patients symptoms of intention tremor 
or stuttering were relieved by reducing the imipramine 

dose. In one of these, propranolol, 10 mg three times a 
day, also suppressed the tremor. We could not establish 

a relation between adverse effect and dose size or plas- 
ma imipramine or desmethylimipramine concentration 
«in these patients. It is possible that a metabolite we were 
- not able to measure contributed to the adverse symp- 
-toms. The hydroxy metabolites, for example, are diffi- 
cult to determine with gas chromatography because 
/ are extremely labile at the temperatures required 
or measuring imipramine and desmethylimipramine. 
.. Only recently has a precise high pressure liquid chro- 
-matographic method to measure the 2-hydroxy me- 
lites of imipramine been developed.!! This will 
ow studies to elucidate the therapeutic and toxic ef- 
of imipramine's hydroxy metabolites. 
"Duration of treatment: Twelve (63 percent) of the 
: patients who began long-term treatment continued 
receive imipramine for 6 months or longer (range 6 
36 months, mean 19 + 8.8 months). Four of the 19 
ents took imipramine for less than 6 months (range 
week: to 5 months, mean 2 + 2.1 months). 






















Discussion 









) this ptudy we documented the antiarrhythmic ef- l 
i | tle es o Hallucinations: 
-> Restlessne: 





R S active antiartiythmie drugs q 
procainamide and disopyramide.!? Only one patie 
our study had an increase in ventricular pren 
complexes during acute dose-ranging. The arrhy 
mogenesis of imipramine is a phenomenon associa e 
with large overdoses.3:5:6 : 
Antiarrhythmic effect of i imipramine: Recentl 
investigators have pointed out the difficulties in proving 
antiarrhythmic drug efficacy in individual patier 
Spontaneous variability in -ventricular premat 
complexes can mimic drug effect or lack of el 
Winkle!? recommended examining group res 
rather than individual patient response when 
antiarrhythmic drugs to minimize the effect 
taneous variability. Morganroth et al.!4 not 
variability in ventricular premature comp 
tween patients" and "between. hours.’ In 
















TABLE IV 
Adverse Effects of Imipramine: Relation 
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fre e anc de rrr in individual E in- 
licating that ventricular premature complexes (1) were 
iot very variable, and (2) did not respond to placebo 
reatment. We conclude that 18 (82 percent) of our 22 
bjects had an antiarrhythmic effect from imipramine. 
Moreover. the dose-response relations we observed 
| trongly support the conclusion that imipramine has a 
_ potent antiarrhythmic action. 
_ Electrophysiologic properties: Imipramine's in 
_ vitro electrophysiologic properties have been studied 
. in normal canine!’ and ovine!®!9 Purkinje fibers and in 
_ depressed canine!? Purkinje fibers. In normal Purkinje 
_ fibers, imipramine shortens action potential duration 
and reduces conduction velocity. Imipramine's effects 
on conduction velocity in Purkinje fibers could account 
_ for intraventricular conduction defects and heart block 
. after an overdose of this drug. Brennan!” reported that 
_ imipramine's effects on conduction velocity are more 
profound in depressed than in normal Purkinje fibers. 
This finding suggests that subjects with preexisting 
onduction abnormalities could be sensitive to “thera- 
peutic” concentrations of imipramine. In support of this 
view is the report by our group”? of a 74 year old patient 
vith right bundle branch block and marked right axis 
leviation who had 2:1 atrioventricular (A-V) block at 
herapeutic plasma tricyclic concentrations. Heart block 
n this patient. was directly related to plasma drug 
oncentration and the block occurred in the His-Pur- 
inje system. Further studies in patients with bifasci- 
lar or trifascicular disease are needed to determine 
'hether patients with severe preexisting conduction 
ormalities are at increased risk of high grade A-V 









































hechäñism. of action of imipramine against 
lar premature complexes is not entirely clear. 
Oss ible that when such complexes are due to slow 
unidirectional block and reentry in the 
ular conduction system, imipramine, by further 
; conduction, might abolish unidirectional 
eby suppressing the Drema complexes. 
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plexes may be s 


syndrome. within 3 months of beginning treatment. A 


! tà Lcid to recurrence. ; 


EOR | A aa Pena on. 
uppressed i in patients who continue to 
have episodes of ventricular tachycardia”? is possible; 
however, we did not encounter this phenomenon in this 
study. The significance of the small dose effect of im- 
ipramine in suppressing ventricular tachycardia re- 
quires prospective outcome studies in patients with 
sustained ventricular tachycardia. If small doses of 
imipramine effectively suppress sustained ventricular 
tachycardia and prevent its complications, it is possible 
that other problems (such as major adverse effects and 
patient compliance) associated with administering large 
drug doses to suppress all ventricular premature com- 
plexes could also be lessened. 

Half-life of elimination and cardioactive me- 
tabolites of imipramine: A major advantage of im- 
ipramine over currently marketed antiarrhythmic drugs 
is its relatively long duration of action. We noted that 
even in subjects with a short imipramine half-life, the 
antiarrhythmic action after a dose was sustained over 
the 12 hour dosing interval. This finding suggests that 
the cardioactive metabolites, desmethylimipramine and 
2-hydroxyimipramine or 2-hydroxydesmethylimipra- 
mine, contribute to the duration of the antiarrhythmic 
effect of the parent compound. There are in vitro elec- 
trophysiologic studies??, animal”® and clinical studies?’ 
that lend support to the view that imipramine's me- 
tabolites are carcioactive. For example, Weld et al.”5 
reported that 2-hydroxy imipramine has electrophysi- 
ologic properties equipotent to those of imipramine in 
shortening action potential duration and decreasing 
conduction velocity. In addition, Wilkerson?9 showed 
that 2-hydroxyimipramine suppressed ouabain-induced 
ventricular arrhythmias in a canine model. We com- 
pared the electrocardiographic changes induced by 
imipramine and desmethylimipramine in a randomized 
crossover study in patients with psychological depres- 
sion and found that identical effects on the P-R, QRS, 
Q- Tc and R-R intervals are produced by i imipramine or 
desmethylimipramine (unpublished observations). - 

Incidence of adverse effects: Most patients. iol: 
erated imipramine despite minor adverse effects and 
12 (53 percent) of 19 were able to take it for) more than 
6 months. This contrasts with many other antiar- 
rhythmic agents such as procainamide, quinidine and 
discpyramide in which early adverse effects are com- 
mon. We found adverse effects in 45 percent. of patients 
within the Ist week of treatment with a sustained-re- 
lease formulation of procainamide,?! whereas Kosowsky 
et al.27 reported 54 percent of patients on conventional 
procainamide therapy manifest the systemic. lupus-like 


complexes. Thi i ys 
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To evaluate the etfect of f bela adrenergic’ stimulation c on the duration ot 


the anterograde refractory period of the accessory pathway, isoproterenol 
was infused in seven patients with the Wolff- Parkinson-White syndrome. 


-. In two patients the effect of isoproterenol was studied during long-term i 


oral amiodarone administration. To avoid rate-related changes induced 
by isoproterenol, the anterograde refractory period of the accessory 
pathway was determined using the single test stimulus 10d at identical 

basic cycle lengths. Isoproterenol shortened the anterograde refractory 

period of the accessory pathway in six of the seven patients studied. In 

two of the three patients with an initial anterograde refractory period of 

the accessory pathway of equal to or less than 290 ms, shortening 

measured 30 ms. In three patients having an anterograde refractory period 

of the accessory pathway of more than 290 ms, isoproterenol abbreviated. 

these values by 30, 60 and 80 ms, respectively. The greatest amount of 

shortening was observed in patients having the longest initial values for 

the anterograde refractory period of their accessory pathway. In the two 

patients receiving oral amiodarone therapy, isoproterenol shortened the 

anterograde refractory period of the accessory pathway by 180 and 60 

ms, respectively, indicating that the effect of isoproterenol can not be 

prevented by long-term oral amiodarone administration. Our observations 

may be of importance in patients with the Wolff-Parkinson-White syn- 

drome and atrial fibrillation. They suggest that beta adrenergic stimulation 

induced by hypotension or anxiety may result in shortening of the anter- 
ograde refractory period of the accessory pathway, leading to increased | 
ventricular rates during atrial fibrillation, 





„Although the atrioventricular (A-V) nodal pathway is well known to 
change its conduction time and refractoriness under the influence of. 
.. changes in autonomic tone, relatively little is known about the effect of 
these changes on the elect rophysiologic properties of accessory A-V- 

` pathways: Such knowledge is important because in pat nts. with the 
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n was discontinued at least 5 half-lives before the 


jent 6 was restudied 6 weeks later after receiving 











vas investigated while receiving oral EHE 






- venous infusion of isoproterenol was started. The initial dose 
of 0.25 g/min was gradually increased to a dose that resulted 
-ina stable sinus rate that was 20 to 30 percent higher than that 
. immediately before isoproterenol administration. The indi- 
~ vidual isoproterenol dosage required ranged from 1 to 5 g/min. 
Measurements: during isoproterenol administration were 
- made using the same basic cycle lengths and test stimulus 
: intervals as before the drug. Atrial fibrillation was not rou- 
-tinely initiated before and during isoproterenol administra- 
< tion. Therefore no data were obtained on the effect of iso- 
.. proterenol on the ventricular rate during atrial fibrillation. 

Definition of terms: The following terms are used in this 

study: 


pathway: the shortest possible premature beat interval during 


single test stimulation of the atrium followed by A-V con- ` 


duction over the accessory: pathway. 
— Effective refractory period atrium: the shortest possible 
n premature beat interval during single test stimulation of the 
atrium resulting in atrial activation. 
Effective refractory. period of the beritricle: the shortest 


possible premature beat interval during. single test beat - 
stimulation of the ventricle resulting i in ventricular activa- - 


: tion. : 

Retrograde effective refractory period of the accessory 
pathway: the shortest possible premature beat interval during 
single test stimulation of the ventricle followed by ventricu- 
loatrial (V-A) conduction over the accessory pathway. V-A 
conduction over an accessory pathway was determined by 

. using methods previously described. 6 


-Results 


Effect of inoprotoronol on anterograde Bos sire 


tory period of accessory pathway: No patient expe- 
rienced unpleasant effects during isoproterenol ad- 
ministration. In all patients anterograde conduction 













was ‘determined at the 
vo of the three patients 







i a of ides lation. In t 


“accessory pathway of 290 ms or less, the anterograde 
| d. 03 period of. the: accessory pathway shortened 





denise Seven patients w wer studied, Data on age, sex, 
pathy way and type of clinically doc- . > 
tachycardia are given in Table I. In Patients 1 to 6 


darone (total dose 11,200 mg) during that time. . 


7 coronary cng dnd aie: apex of f the x grs ventricle, an intra- 


Anterograde effective refractory period of the accessory 


over the accessory pathw rectory por ict prin n 


I o olan sinus. AS | 
y period of the accessory 
| est value pd during 


_ of isoproterenol on the anterograde effective refra 


gan initial anterogr: ide refractory period of the on the refractory period of atrial and ventricular tiss 
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pot chad Data ye the Seven Patients 





Site of 
DUET Ade (yr) ... Accessory 
Case `> å Sex ' Pathway 
(04 ^d 82M . Right septal 
2 '19F » Left lateral 
(3 /—^ 34M - Left posterior 
24. . 44F .  . Left septal 
5: . 39M  .— © Right mia j 
6 =. 37M Leftiateral’ — | CMT . 
T 4M . Leftlateral CMT. 





AF = E atrial frilaton OMT = = circus movement tachycardia, = 





by 30 ms, ‘hae valuds: of 220 and 230 ms, ‘respec 2 
tively. In the three patients with an anterograde re- - 
fractory period of more than 290 ms who were not re- 
ceiving drugs, the shortening in these values after iso- 
proterenol ranged from 30 to 80 ms, resulting in an an- 
terograde refractory period of the accessory pathway 


. of 250, 340 and 270 ms, respectively. In the two patients - 


receiving oral amiodarone, isoproterenol administration . 
resulted in shortening of the anterograde refractory 
period of the accessory pathway of, respectively, 180 and - 
60 ms, leading to new values of 320 and 280 ms. Our 
results suggest that the greatest amount of shortening 


is observed in patients having the longest initial value 
of the anterograde refractory period of accessory 


pathway. 5 
Effect of retrograde refractory period. of atrium : 
and ventricle: The changes in duration of the antero- 
grade refractory period of the accessory pathway during - 
isoproterenol administration differed from those of the : 
refractory periods of the atrium and the ventricle. Only - 
minimal shortening of these values was observed. The 
effect of isoproterenol on the retrograde refractory pe- - 
riod of the accessory pathway could be measured in only 
three patients. In two of them shortening was observed: 
measuring, respectively, 20 and 100 ms. In all patients . 
the R-R interval shortened during circus movement 


< tachycardia after isoproterenol administration (Fig. I- 


and 2). This shortening was the result of abbreviation: 


-of the A-H interval. No appreciable shortening was 
observed in the H-V interval or in the retrograde con-_ 


duction time over the accessory pathway (as measured : 


by the V-A interval in the coronary sinus lead in pa- 


tients with a left-sided accessory pathway). 


Discussion 


Effect of beta adrenergic stimulétion ii in a Wol i 
Parkinson-White syndrome; Our results indicate that ; 
beta adrenergic stimulation may result in marked ab- 
breviation of the anterograde refractory period of the - 
accessory pathway in some patients with the Wolff- 
Parkinson-White syndrome. In our patients the effect _ 














period of the accessory pathway differed from its ef 


suggesting that these accessory pathways are not com- A 
posed of ordinary atrial or ventricular muscle. This 
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i ‘Values to for the è Electr 


* All values. are in n milliseconds: 






Am = amiodarone; AP = accessory pathway; Atr = atrium; BCL = basic cycle ingt ERP = = effective S perd is = isoproterenol: 


‘NM = not measured; — = absent; + = present. 


finding seems to be in conflict with the pathohistologic 
studies discussed by Sherf and Neufeld.’ In these 
. studies the accessory bundles are described as composed 
- of atrial or ventricular working myocardial cells. How- 
~ ever, in the absence of knowledge about the correlation 

_between structure and function, our suggestion remains 
"speculative. 


CONTROL 
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Effects on ventricular rate in atrial fibrillation. 
It has previously been reported that in the Wolff-Par. 
kinson-White syndrome the ventricular rate during 
atrial fibrillation relates to the duration of the antero- 
grade refractory period of the accessory pathway.1— 


.Although we did not compare the ventricular rates 


during atrial fibrillation in relation to changes in the 







FIGURE 1. 1, Patom 7 7. A A betoro is isoprote- 


daens, i shows that the a refractory; aed 
| 1 riod ol seg peee pathway Y an wh: 


ferien etd the atrioventricular ee 
.. and ventriculoatrial conduction over a left 
.-. ateral accessory pathway. Leads |, Il, Ill, 

o V4) Vg, à high right atrial lead (HRA), adistal 
coronary sinus lead (CSd) and a His bundle 
electrogram were recorded simulta- 
ner 

















ry pathway before and during isoproterenol 
ration, we believe that our observations explain 
in some patients, the shortest R-R interval during 
fibrillation is less than the measured anterograde 
tory period of the accessory. pathway using the 


fter the onset. of atrial fibrillation may 








0 high ventricular rates re- 


ie anterograde refractory period of the 
| ory pathway during. sympathetic stimulation may 
th eoretically result in such. rapid ventricular rates 
_ during atrial fibrillation that deterioration i in ventricular 
fibrillation occurs. 

-Denes et al.2 reported that bëta adrenergic blockade 
by propranolol had little effect on the duration of the 
anterograde refractory period of the accessory pathway 
as assessed with the single test stimulus technique. In 

their patients measurements were made at rest 
suggesting a normal level of sympathetic activity. It 
would be of interest to study the effect of beta adren- 


` FIGURE 2. Same patient. A; during isoproterenol ad- 
-ministration the anterograde refractory period of the 
accessory pathway shortens to 320 ms. B, again at 
- shorter premature beat intervals a circus movement 
? tachycardia is initiated. Note that the R-R interval of the 
tachycardia has decreased from 430 (Fig. 1) to 360 ms. 
This shortening is the result of abbreviation of the A-H 
-interval during isoproterenol administration. Comparison 
tween Figures 1 and 2 suggests a shortening in intra- 
| conduction time after isoproterenol. We are re- 
to accept this as proved, however, because of (1) 
E: ible change in catheter positions, and (2) a possible 
-decrease in atrial dimensions because of beta arena 
i stimulation by isoproterenol. 















of ‘the anterograde refractory period of the " eligic Blockade duras attal fibrillation i in pati i 


timulation technique at rest. Sympathetic - 
efractory period of the ac- 0] 


s hemodynamic consequences. The 
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the Wolff- Parkinson- White syndrome, es 
exercise. e 

Effect of aniodarone: Amiodaroné i is the drug 
most consistently lengthens the duration of tk 
ograde c stale ps the AE pate ji 


docdmented: atrial fibrillation the incidence: of atrial | 
fibrillation diminishes after amiodarone administration, i 
episodes of atrial fibrillation may still occur. When ac- _ 
companied by sympathetic stimulation as during ex- | 
ercise or anxiety the ventricular rate during the ar- — 
rhythmia may still be life-threatening. N 

Therapeutic implications: We believe that the re- 
sults of our study with isoproterenol should influence _ 
the approach to patients with the Wolff-Parkinson- _ 
White syndrome. They suggest that in patients with this _ 
syndrome suffering from arfhyihmias the effect of beta. e 
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the > anterograde refactor 


the change rR R intérval reri pacing- Sce 
. atrial fibrillati ild be studied while the patient is 
. receiving isoprot t renol. When isoproterenol adminis- 
` tration results in R-R intervals during atrial fibrillation 
. of 220 ms or less the value of adding a beta adrenergic 
blocking agent to the antiarrhythmic drug regimen 
. should be evaluated. E 
E Przybylski et al.4 showed that, in some patients with 
prior electrocardiographic documentation of antero- 
grade conduction over an accessory A-V pathway but 
not showing A-V conduction over this structure during 
- Sinus rhythm in current electrocardiograms, antero- 
. grade A-V conduction over the accessory pathway could 
- bereinstituted during vagal stimulation or intravenous 


isoprotereno 


of the anterograc 






Aithor igh i € patient: 
ecause our patients always had 





anterograde condt ction over the accessory pathway 


during sinus rhythm, their observations and ours indi- 
cate that the electrophysiologic properties of accessory 
pathways in the Wolff-Parkinson- White syndrome are 
not constant. | 

In patients: with mendak values for the duratior 
rade refractory period of the accessory 
pathway, sympa! thetic stimulation may possibly have 
life-threatening consequences if atrial fibrillation su- 
pervenes. These considerations and the impressive re- 
sults from the group at Duke University!! suggest that 
surgical interruption of the accessory pathway should 
play an increasing.y important role in the management 
of patients with the Wolff-Parkinson-White syn- 
drome. 
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NITRATE DELIVERY 
FASTER THAN 
ORALS OR TRANSDERMALS 
HOURS LONGER 
THAN SUBLINGUALS 
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SUSADRIN u 


(nitroglycerin) Transmucosal Tablets 


CAUTION: Federal law prohibits dispensing without prescription 
Brief Summary 
DESCRIPTION: Susadrin tablets contain nitroglycerin in a 


patented" inert polymer base which releases nitroglycerin for absorp- 


tion by the oral mucosa over a sustained period of time. When 
administered under the upper lip or buccally (in the buccal pouch), 


Susadrin tablets adhere comfortably to the mucosa. Patients may eat, 


drink, and talk while tablet is present 


*Synchron System (U.S. Patents 3,870,790 and 4,226.849) 


INDICATIONS: Based on a review of this drug by the 
National Academy of Sciences — National Research Council 
and/or other information, FDA has classified the indication as 
follows 
"Possibly" effective: For the prophylaxis, treatment, 
and management of patients with angina pectoris 
Final classification of the less-tnan-effective indication 
requires further investigation 


CONTRAINDICATIONS: Acute or recent myocardial infarction, 
Severe anemia, closed angle glaucema, postural hypotension, 
increased intracranial pressure, and known idiosyncrasy to the drug 
WARNING: Susadrin tablets should be placed under the upper lij 
or in a buccal pouch and permittec to dissolve, and should not be 


chewed or swallowed 

PRECAUTIONS: The smallest dose needed for effective reli 
angina pectoris should be used. As with other nitrates, ortho: 
hypotension may occur, particularly during the initial dose tit 
process if stepwise titration is not observed. Intraocular pres: 
may be increased; therefore, caution is required in administer 
patients with glaucoma. Tolerance to this drug and cross-tole 
other organic nitrates may occur. If blurring of vision, drynes: 
mouth, or lack of benefit occurs, the drug should be discontir 


ADVERSE REACTIONS: Susadrin appears to have the advi 
reactions characteristic of the nitrates and which relate to thei 
dilating actions. Transient headache may be severe and persi: 
and may require lowering the dose or discontinuing medicati 
Vertigo, weakness, palpitation, nausea and vomiting and othe 
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jitroglycerin) 


ansmucosal Tablets 





usadrin activity begins in minutes... 
‘ovides up to 5 full hours of anginal*pain prophylaxis. 


v delivery system provides 
oglycerin directly to blood 
'am through oral mucosa for 
o 5 hours 


sed under the upper lip, a 

adrin tablet adheres comfortably 
ie mucosa for 3 to 5 hours deliv- 
g nitroglycerin from a sustained 
ase vehicle? Patients may eat, 

k, and talk while Susadrin works. 


iid availability clinically 
firmed 


»uble-blind study in normal vol- 
»ers showed activity at 3 min- 

;, the earliest period 

asured.' An open study in 

ina patients confirmed results 
‘howing a statistically signifi- 

t fall in systolic pressure within 
inutes.? Because of rapid onset 
ibined with prolonged response, 
adrin can provide predictable 
erage for up to 5 full hours. 


Irug has been evaluated as "possibly" effective for 
ophylaxis, treatment and management of angina 
ris 


ynchron System (U.S. Patent 3,870,790) 


‘ences: 
R: Data on file. MERRELL DOW 
IMACEUTICALS INC 

ichek N ibid 

chek N et al, ibid 

hstein E et a/, ibid 


Prolonged exercise tolerance with 
Susadrin confirmed in bicycle 
ergometer studies ?^ 


Pooled data from two studies using 
well-documented National Heart, 
Blood and Lung Institute methodol- 
ogy, show Susadrin produced a 
statistically significant increase in 
mean duration of pain-free 
exercise compared to placebo at 

5 hours and at all earlier periods 
measured. 


Average exercise time for Susadrin and placebo 


œ 


@ Placebo 


Standard deviation 
of mean (22 patients) 


Average exercise time (minutes) 
gı eo N 


A 





It is noteworthy that during 33% of 
the test periods on Susadrin, 
patients exercised to fatigue rather 
than angina. By contrast, only 5% 
of placebo test periods ended 

in fatigue. 


Convenient dose titration, simple 
adjustment 


Susadrin is available in 1.0 and 
2.0mg tablets. The starting dose is 
1.0 mg tid and can be simply 
adjusted as follows: 


If angina occurs while the 
tablet is in place, increase 
tablet strength to 2.0 mg. 


If angina occurs between tab- 
lets, increase the frequency 
of dosage to qid. 


Tablet dissolution may be expected 
to vary from 3 to 5 hours in most 
patients. 


Assurance of coverage...a unique 
benefit of Susadrin 


Initial patient counseling is a key to 
the benefits of Susadrin. Because 
there is a relationship between tablet 
dissolution time and therapeutic 
effect, the physical presence of the 
tablet reassures both you and your 
patient of nitrate coverage. Please 
read the Brief Summary below to 
fully appreciate this and other ad- 
vantages of Susadrin. 


Merrell Dow 





ural hypotension including syncope may develop. Nitroglyc- 
in act as a physiological antagonist to norepinephrine, acetyl- 


g, and histamine. Alcohol may accentuate cerebral ischemia 
IMS. 


GE AND ADMINISTRATION: Susadrin (nitroglycerin) is 
ile as 1 mg and 2 mg transmucosal tablets. Patients, new to 
rin, should receive a brief discussion of tablet placement in 
o assure maximum effectiveness and comfort. Most patients 
d it convenient and comfortable to place a tablet between the 
| gum above their upper incisors, while some will prefer the 
areas between cheek and gum. Sites may be alternated from 


) dose. The tablet should be allowed to dissolve undisturbed. 


few doses, patients will develop favorite alternate sites and 
idily adapt to the presence of the medication. The physical 


presence of the tablet, as it dissolves, provides reassurance of nitrate 
coverage. 


THE USUAL DOSE IS ONE TABLET TID. (UPON ARISING, AFTER 
LUNCH, AND AFTER THE EVENING MEAL). 
Patients should be started at 1 mg tid. Dosage should be titrated 
upward, if necessary. Dosage may be adjusted as follows: 
If angina occurs while the tablet is in place, increase the dose 
to the next tablet strength. 
If angina occurs between tablet administration when no tablet 
is in place, increase the frequency of dosage to qid. 
Tablet dissolution may be expected to vary from 3 to 5 hours in most 
patients. If continuous nitration is desirable, the next tablet should be 
taken within 1 hour afler the previous one dissolves, unless clinical 
response suggests a different regimen. 


Acute Prophylaxis Use: To cover periods of peak activity, 

place one tablet in as directed above, but not more than 1 tablet every 
2 hours. 

Available in bottles of 100 tablets. Dispense only in original container 
Product Information as of September, 1981 


Manufactured by 
Forest Laboratories, Inc. 
Inwood, New York 11696, U.S.A. for 


<> 


MERRELL DOW PHARMACEUTICALS INC. 
Subsidiary of The Dow Chemical Company 


Cincinnati, Ohio 45215, U.S.A. 
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The Irex Phased Array Real Time Imaging System 


SIMULT^NEUUS pu LER: 
A NEW DIMENSION 
IN CARDIAC IMAGING 























Simultaneous 2-D phased array 
imaging and CW or pulsed Doppler 
for noninvasive correlation of 
hemodynamics and anatomy 


Provides two complementary 
techniques— 2-D to delineate cardiac 4 
structure, Doppler to evaluate blood 
flow velocity patterns— for global 
assessment of cardiac function. 


Complete simultaneous 
documentation of all 
measurements 


Documentation is provided on 
videotape and superb quality Irex 
hard copy. This includes: video- 
tapes of 2-D images and localized 
Doppler sample volume with 
Doppler audio signal; hard copy 


You can noninvasively measure 
pressure gradients across obstruc- 
tions and shunts, quantify relative 
cardiac output changes, and map 
flow patterns. Simultaneous display 









recordings of maximum and mean 
velocity traces; grey scale record- 
ings of Doppler spectrum analysis 
and gated 2-D image depicting 
localized Doppler sample; time 
correlated with other data traces 


facilitates rapid examinations and 
permits accurate Doppler sample 
volume placement. 
























including ECG, phono, and pulse. 
Simultaneous phased array 


Combined CW and pulsed 2-D and superior 
Doppler for comprehensive dual derived M-modes 
flow measurements In addition, you get fully diag- 


nostic ECG, with 12 selectable 
leads; phono with two channels 
and eight filter settings; and pulse. 
All data channels are fully syn- 
chronized, and all perform simul- 
taneously. 

lrex systems provide incom- 
parable value in meeting all your 
cardiodiagnostic needs. For 
details on the Irex Phased Array 
Real Time Imaging System, Irex 
System II for M-mode studies, 2-D 
applications, and cath lab appli- 
cations, and the Irex Cardio 80° 
general-purpose microcomputer 
for cardiology, contact us today. 


CW Doppler furnishes accu- 
rate measurements of high blood 
flow velocities, while pulsed Dop- 
pler provides precise sample loca- 
tion. Versatile spectrum analysis 
characterizes flow velocity patterns 
and verifies quality of the Doppler 
examination. 


Simultaneous 2-D/Doppler 
with one small dual-frequency 
transducer 





IREX 


Innovators in 
optimizes the ultrasound frequency for both echocardiography 


study modalities. Its extremely light, flexible IREX Medica! Systems/IREX International, Inc 
cable permits easy angulation and lessens 69 Spring Street, Ramsey, NJ 07446 
operator fatigue. (201) 327-5990 Telex: 642393 

© 1982 IREX Corp 








A single, small, lightweight transducer 
permits simultaneous 2-D and Doppler studies 
through all cardiac windows, and automatically 
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MAJOR 


INDICATION... 
COMING SOON. 


Please see next page for Brief Summary of Prescribing Information 








(PROPRANOLOL HCI) | 
For Hypertension - Angina * Arrhythmias - Migraine 





MAJOR NEW INDICATION... 





BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal* BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 










BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 
RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF THIS DRUG 


CONTRAINDICATIONS 
1) bronchial asthma; 2) allergic rhinitis during the pollen season; 3) sinus bradycardia and 
greater than first degree block; 4) cardiogenic shock; 5) right ventricular failure secondary 
to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) unless it is sec- 
ondary to a tachyarrhythmia treatable with propranolol; 7) in patients on adrenergic- 
augmenting psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 






WARNINGS 
CARDIAC FAILURE: In congestive heart failure, inhibition with beta-blockade carries the 
potential hazard of further depressing myocardial contractility and precipitating cardiac 
failure. In patients already receiving digitalis, propranolol may reduce the positive inotropic 
action of digitalis and may have an adcitive depressant effect on AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, in rare instances, cardiac 
failure has developed during propranolol therapy. At the first sign of impending cardiac 
failure, patients should be fully digitalized and/or given a diuretic, and observed closely 
a) if cardiac failure continues, despite adequate digitalization and diuretic therapy, pro- 
pranolol should be immediately withdrawn; b) if tachyarrhythmia is being controlled, 
patients should be maintained on combined therapy and closely followed until threat of 
cardiac failure is over. 










IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuation of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 
interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management of unsta- 
ble angina pectoris. Since coronary artery disease may be unrecognized, it may be 
prudent tc follow the above advice in patients considered at risk of having occult ath- 
erosclerotic heart disease, who are given propranolol for other indications 











IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use 
have not been adequately appraised. Give special consideration to propranolol's potential 
for aggravating congestive heart failure. Propranolol may mask the clinical signs of devel- 
oping or continuing hyperthyroidism or complications and give a false impression of 
improvement. Propranolol should be withdrawn slowly, since abrupt withdrawal may be tol- 
lowed by an exacerbation of symptoms of hyperthyroidism, including thyroid storm. Pro- 
pranolol does not distort thyroid function tests 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, tachycardia was replaced by severe bradycardia 
requiring a demand pacemaker (in one case, after an initial dose of 5 mg propranolol). 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function. beta blockade will impair the desired inotropic 
effecti. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta-blockade impairs the ability of the 
heart to respond to reflex stimuli. Except in 32heochromocytoma, propranolol should be 
withdrawn 48 hours prior to surgery. In case of emergency surgery, the effects of pro- 
pranoiol can be reversed by administration of beta-receptor agonists such as isopro- 
terenol or levarterenol, but such patients may be subject tc protracted severe hypotension. 
Difficulty in restarting and maintaining the heart beat has been reported. 


~ COMING 





SOON. 








IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRON- 
CHITIS, EMPHYSEMA), administer with caution, since propranolol may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of 
beta-receptors 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Propranolol may prevent 
the appearance of premonitory signs and symptoms (pulse rate and pressure changes) o 
acute hypoglycemia, especially in patients with labile diabetes. A precipitous elevation of 
blood pressure may accompany hypoglycemic attacks, 

USE IN PREGNANCY: Safe use in human pregnancy not established. Embryotoxic 
effects have been seen in animals at doses about 10 ttmes the maximum recommended 
human dose. 


PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be closely 
observed if propranolol is administered, since it may occasionally produce hypotension 
and/or marked bradycardia resulting in vertigo, syncooal attacks, or orthostatic hypoten- 
sion 
Observe laboratory parameters et regular intervals. Use with caution in patients with 
impaired renal or hepatic function 


ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion, paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocy- 
topenic purpura. Central Nervous System: lightheadedness; mental depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible mental depression pro- 
gressing to catatonia; visual disturbances; hallucinations; an acute reversible syndrome 
characterized by disorientation for time and place, shor term memory loss, emotional 
lability, slightly clouded sensorium, end decreased performance on neuropsychometrics. 
Gastrointestinal. nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. Allergic: pharyngitis and 
agranulocytosis, erythematous rash, fever combined with aching and sore throat, laryngo- 
spasm and respiratory distress. Respiratory: bronchospasm. Hematologic: agranulocy- 
tosis, nonthrombocytopenic purpura, thrombocytopenic purpura. Miscellaneous: 
reversible alopecia. Oculomucocutaneous reactions involving the skin, serous membranes 
and conjunctivae reported for a beta-blocker (practolol) have not been conclusively asso- 
ciatec with propranolol. Clinical Laboratory Test Findings Elevated blood urea levels in 
patients with severe heart disease, elevated serum transaminase, alkaline phosphatase, 
lactate dehydrogenase 


TREATMENT OF OVERDOSAGE OR EXAGGERATED RESPONSE 
BRADYCARDIA — Administer atropine (0.25 to 1.0 mg): if there is no response to vagal 
Diockade, administer isoproterenol Cautiously. CARDIAC FAILURE — Digitalization and 
diuretics. HYPOTENSION — Vasopressors, e.g., levarterenol or epinephrine (there is evi- 
dence that epinephrine is the drug of choice). BRONCHOSPASM — Administer isopro- 
tereno! and aminophylline. 


HOW SUPPLIED 
TABLETS 
No. 46° —Each scored tablet contains 10 mg of propranolol hydrochloride 
No. 462 — Each scored tablet contains 20 mg of propranolol hydrochloride. 
Nc. 464 —Each scored tablet contains 40 mg of propranolol hydrochloride 
Nc. 466 — Each scored tablet contains 30 mg of propranole! hydrochloride 
Each tablet strength is available in bottes of 100 and 1,00C. Also in unit dose package of 
100 
INJECTABLE 
No 3265—Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The 
pH is adjusted with citric acid. Supplied as: 1 m! ampuls in boxes of 10 
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Hypertension is not 





1 heart disease. 


‘Treatment should correct the 
basic hemodynamic abnormality— 
increased peripheral resistance... 





Minipress affects the primary problem by 
reducing peripheral resistance—beta blockers 
work on the heart. 

Reducing cardiac output, as beta blockers 
do, without reversing the primary problem 
of increased peripheral resistance contributes 
to decreased renal blood flow and glomerular 
filtration rate. 

Minipress helps preserve organ perfusion 
while reducing cardiac afterload. And usually 
without producing reflex tachycardia. 

Because Minipress does not lower renal 
blood flow or glomerular filtration rate, it can 
be administered to patients with reduced 
renal function. A small percentage of patients 
have experienced orthostatic hypotension 


and syncope. 
Iprt mg, 2mg,5 mg 


(prazosin HCI) 


Bo um hypertension 
by reducing peripheral resistance 





© 1982, Pfizer Inc. Please see Minipress Brief Summary on following page. 


















li ypetensve drug, tis mild ta moderate 

iat agent or jt-may be employed in a 

anjunction. with a. diurelic and/or ather 
t proper patient response. - 


 drrazosin hydr hydrochloride) may cause 
3 . in most cases this is 
ecd ostural hypotensive effect, 
| syncopal episode has been feo beats by a 
a with heart rates of 120-160 beats per 
jigadas: - usually occurred within. 20 t to 
lose of the drug; occasionally they have 
tion- with rapid dosage increases or the 
M another xmtihypertensive drug m m regimen of a 
atient taki high doses of MINIPRESS (prazos drochtoride). 
& incidence of syncope! episodes is RE. * in pati 
given an initia! dose 01.2 mg or greater, Clinical trials conducted 
ing the Investigational phase in dn suggest "n aye 
ie tan be minimized by limiting the initial dose ol 
; By subsequenily increasing the dosage slowly, n " 
t Hi cia any addition:! antihypertensive drugs into the "m $ 
regimen: with taution isee DOSAGE AND ADMINISTRATION). 
 Hypotensio n may develog in patients given MINIPRESS who are aiso 
receiving 8 beta-blocker such as propranolol. 
ay coe occurs, the patent should be placed in the recumbent position 
anditeat gd supportively as rocessary. This adverse effect is.self-limiting anc 
in mast cases does not recur after the initial period of therapy or during 
- subsequent dose ond 
Patients should always be started on the 1 mg east of MINIPRESS 
(prazosin hydrochioride). Tes 2 and 5 mg capsules are not indicated for 
initial therapy. 
More common Man lass of consciousness are the symptoms often 
pet wilh towering aihe blood pressure. namely, dizziness and 
lightheadedness. The pater? should be cautioned about these possible 
verse effects and advised wal measures to take should they develop. The 
* «patient should aise be cautioned to avoid sitiations where iniuty could result 
should syncope occur during the initiation of MINIPRESS (prazosin 
oe nya inde thetany. : 
oo Dsege in Pi ragnaney. acy: Hthouch no teratogenic effects were seen in 
animal fasting. I safely ci CHMIMPRESS (prazosin hydrochloride) in 
pregnancy has not been. established MINIPRESS (prazósin hydrochloride) is 
^," not recommended in pregnant women unless the potential benefit oulweighs 
2 mere A pA mother and fus. 
Venge m Children: No. canical experience is available with the use of 
2 MINIP ESS (prazosin hydrocidoride) in children 


"CCADVERSE REACTIONS: Tie most common reactions associated with 
CODMINIPRESS (prazosin hydeachioride) therapy are: dizziness 10.3%, 
REUS headache. 7.8%: drowsiness 7 695, lack of energy 6.9%. weakness 6 5%. 
“palpitations 5. 3%, and nauses 4.9% in most instances side effects have 
=: disappeared with continued therapy of have been tolerated with no decrease 
m dose ot drug. 
c The following reactions have been DN with MINIPRESS (prazasin 
AE s ^ytrochlor del some ofthe rarely. (In same instances exact causal 
iu ge fationships have not been esisblished } 
2 Gastrointestinal vomiting, Garrhea, constipation, abdominal discomfort 
and/or pat. oon 
-o Cardiovascular edema, dyseaea, syncope, tachycardia, 
Central Nervous System: newousnass, vertigo. depression, paresthesia. 
~ Dermatologic: tash, pruritus; alopesia, lichen planus 
- Genitourieary: urinary frequency, incontinence. impotence, priapism. 
SEENT; blurred. vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nazel oongestio du 













































ng y Ons ol ‘pigmentary: mottling and serous retinopathy, and a few 
ports: of calaract developmes! of disappearance have been reported. In 
these instances, the exact causal relationship has nol beer established 
"because The baseline observations were frequently inadequate. 

. imore specific slit-lamp end funduscopic studies, which included 
adequate baseline examinations; no dreg- -felated annormal ophthalmolagica! 
fimdings have been reported. ^ 


GE AND ADMINISTRATION: The dose.o! MINIPRESS (prazosin 
e) should be adjusted according to the patient's individual blood 
a ane The following is a guide fo ls administration: — 
S Dose: | mg two or three times a day. (See Warnings. 
Maintenance Dose: Dosage: nay be Slowly increased toa Total daily dose 
30 mg given in divided doses. The oe dosages most commonly 
oyeg have ranged from 6 mog lo 15 mg dally given in divided doses. 
higher than 20 mg usually do not increase. Hides however a lew 
may benefit from furtherincteases up toa daily dose of 40 mg given 
ded doses. After initial T'ralion some patients can be maintained 
pur yv ona bwice daily dosage regimen. 
Use With Other y Wher adding a diurelic or other antihypertensive 
agen the dose oH MINIPRESS (orazos n hydrochioride) should be reduced 
^n: three times à tayang tetitration then carried out. ui 


TD: MINIPE i hydrochfetide) is available | in mg 
um ipink and wine # 137 capsules in bottles of 250; 1000. 
at pac of 100 (10 x 19's}: and 5 mg (blue and 

al 9» 550. ani unit dose institutional 













































y drochloride) | is indicated in he. 




























































(formerly 1 Transderm) - 











Nitro 


„nitroglycerin 





| and more 




































D B.V WHITING, MD, FACC | 
MASOOD AHMAD, MD, FACC - 
DIANA KELLY, RCVT | 










- Columbia, Missouri isa 
E criterion, sensitivity was 85 percent and specificity was 99 porce ni. 
signs, including systolic echoes in the mid left atrium, systolic 
motion, early diastolic anterior motion of the posterior mitral leaflet anc 
shaggy or heavy cascading linear diastolic echoes posterior to the mit 
valve, were highly specific but uncommon. They occurred only in coi 
bination with late systolic posterior motion or holosystolic hammocking 
The remaining signs tested did not differentiate subjects with mitral valve 
prolapse from normal persons. 


Mitral valve prolapse is currently the most common form of valvular 
heart disease in the United States.!? Jeresaty! estimated that its prev- 
alence in the general population is 4 percent. Symptoms such as chest 
pain, palpitations and syncope or presyncope occur commonly.?-* Po- 
tential complications include atrial and ventricular arrhythmias, 5 
bradyarrhythmias," sudden death,!?-14 congestive heart failure due t 
progressive mitral regurgitation or ruptured chordae tendineae ne 
infective endocarditis!* 2° and cerebral embolism.?!-?? Recently, 1 many 
medical insurance companies have increased premiums or refused cov- 
erage to persons who have a diagnosis of mitral valve prolapse. Moreover 
the diagnosis frequently engenders an undue sense of anxiety in bot 
symptomatic and asymptomatic persons. Because mitral valve prola} 
is so common and because of its potential medical, economic and psy 
chosocial implications, the methods used for diagnosis should posses s 
reasonable sensitivity and a high degree of specificity. DES 
Since 1970, M mode echocardiography has gained widespread ac 
ceptance as a useful method for detecting mitral valve prolapse. Durin 
this period, multiple M mode echocardiographic signs have been re 
ported to be diagnostic or suggestive of mitral valve prolapse.?4-? 
a hr of reasons, variation exists i in the ng 6: olt sensitivity he 
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ing 11 subjects were originally 
up and demonstrated a mobile mid 
t with a mid systolic click had objective 

organic heart disease. Persons 40 years 


1. Twelve. M mode. echocardiographic signs tested. A, late 
: push motion pd the anterior and disnei mitral leaflets 














“mot tion occurs in ae he piled and is followed 
ling in mid systole and late systolic posterior motion; D, systolic 
is in the mid left atrium (arrows); E, early diastolic (paradoxical) 
can terior. motion of the posterior mitral leaflet (arrows). The posterior 
- leaflet may or may not remain visible in an anterior position throughout 
mast F, ae diastolic anterior motion of the siete mitral leaflet 









ch oe : fé posterior to the mitral ae l, multiple 
Y i d cco sabia in aped with holo- 


Fe che! pain, palpita- 
for evaluation of a systolic 


th kening 0 ot tthe o miwal | 


rams of subject: wit hamid systolic click were ohtained 
at a time when the click was audible. Mitral and left ventric- 
ular echograms were recorded using an ultrasonic window 
located in the third intercostal space at the left sternal border. 
Mitral valve echograms were recorded with the transducer 
perpendicular to the anterior chest wall. All echocardiograms 
were analyzed in accordance with the criteria recommended. 
by the M mode Standardization Committee of the American 
Society of EXHOCSRHORIA E. 3? Interpreters were unaware of 
patient data. 

Each echocardiogram was analyzed for the presence of 1 0 
echocardiographic signs previously reported to be diagnostic : 
or suggestive of mitral valve prolapse (Fig. 1). They include: 
(1) late systolic posterior motion of one or both mitral leaflets” 
(Fig. 1A)24-33; (2) holosystolic hammocking (maximal poste- 
rior excursion of one or both mitral leaflets of at least 3 mm) 
(Fig. 1B)?^-9*: (3) systolic anterior motion of the anterior 
mitral leaflet (Fig. 1C)!,24-44; (4) systolic echoes in the mid left 
atrium (Fig. 1D)?5; (5) early diastolic (paradoxical) anterior 
motion of the posterior mitral leaflet (Fig. LE) 2435; (6) shaggy 
or multiple heavy cascading linear diastolic echoes posterior. 
to the mitral valve (Fig. 1, G and H)?9-95 (7) multiple systolic 
mitral echoes (Fig. 1I) 24. ; (8) increased early diastolic ex- - 
cursion of the anterior mitral leaflet (D-E amplitude of 25 mm . 
or greater) (Fig. 1J)!?*; (9) abutment of the anterior mitral 
leaflet (“E” point) against the interventricular septum in 
diastole (Fig. 1K)*?*5 and (10) thickening of the mitral leaflets 
(Fig. 1L).! 

Statistical analysis: Data were compared using the chi 
square test. Statistical significance was achieved when the p 
value was «0.05. Sensitivity and specificity were calculated ; 
using the following formulas: 


Sensitivity = True positives — — 
. True positives + False negatives eus 
Specificity = True negatives 


Results 


Patient characteristics: The group with mi ra E: 
valve prolapse consisted of 62 women and 38 men. The. 
control group consisted of 64 women and 36 men. The 
mean age was 28.1 years in the group with prolapse a 
26.9 years in the control group. Mean body surface area . 
was 1.71 m? in the group with prolapse and 1.78 m? in | 
the control group. 7 i 

Presenting symptoms of subjects in the group. with 7 
mitral valve prolapse included chest pain in 51 persons, El 
palpitations in 35, and syncope or presyncope in 18; 2 
were asymptomatic. Eleven as ects were 
selected for the group with mitral valve prolapse Irita E 
those peni screened for mies control group because’: 

















3 nM motion of posterior mitral leaflet 
f le cascading echoes posterior to mitral valve 


4 ystolic mitral echoes (z3) 
ly diastolic excursion of anterior mitral leaflet (2:25 mm) 
-of anterior mitral leaflet — disci 
ckenin of the mitral valve _ : 


AW Statistical comparisons were made using the chi-square test. 
ONS = not significant; p = probability. 


5 Of the 100 subjects with a mid systolic click, 85 had a 
_late or holosystolic murmur. All subjects in the control 
group were asymptomatic and had a normal cardio- 
-vascular examination. 

_ Echocardiographic patterns: Table I summarizes 
-the incidence, sensitivity and specificity of each echo- 
cardiographic sign tested. Late systolic posterior motion 
_ (Fig. 1A) and holosystolic hammocking of one or both 
"mitral leaflets (Fig. 1B) occurred commonly in subjects 
.. With a mobile mid systolic click (4 murmur) and were 
highly specific for mitral valve prolapse. When these two 
-echocardiographic signs were combined as a single cri- 
- terion, sensitivity was 85 percent and specificity was 99 
- percent. 

i: Several echocardiographic signs occurred less com- 
| monly than late systolic posterior motion or holosystolic 
-hammocking in subjects with a mobile mid systolic click, 
- but were nevertheless highly specific for mitral valve 
- prolapse. These signs include systolic anterior motion 
of the anterior mitral leaflet (Fig. 1C), systolic echoes 
in the mid left atrium (Fig. 1D), early diastolic (para- 
: xical) anterior motion of the posterior mitral leaflet 
ig. IE) and shaggy or multiple heavy, cascading linear 
istolic echoes posterior to the mitral valve (Fig. 1, G 
nd H). The sensitivity of these signs ranged from 3 to 
percent, whereas the specificity of each sign was 100 
rcent. Each of these echocardiographic signs occurred 
usively i in subjects with late systolic posterior mo- 
or holosystolic hammocking. 

e incidence in the group with mitral valve prolapse 
each remaining echocardiographic sign tested was not 























(Table I). Sensitivity ranged from 23 to 70 per- 
5 E Sgedifieity ranged from 23: to 78 parent Isolated 


(n 100) 





ificantly different from that observed in the control 
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from studies that used left ventricular angiography 0 
auscultatory (or phonocardiographic) abnormalities 
a diagnostic standard.?426-29,32,5-38 Considerabl 
variation exists in the reported sensitivity of these signs 
because of the lack of a consistent diagnostic standard 
and because many investigations have used small study 
groups that contained subjects with a wide range of ages 
and a large proportion with underlying organic heart 
disease. Prior studies concerned with establishing M 
mode echocardiographic criteria for mitral valve pro- 
lapse in adults have failed to compare systematically 
echocardiographic abnormalities of subjects with this _ 
syndrome with those of normal persons.?4.26-29,32,35-38 
Thus, the diagnostic specificity of these signs is un- 
known. The objective of this study was to determine the 
incidence, sensitivity and specificity of previously de- 
scribed M mode echocardiographic signs of mitral valve 
prolapse by comparing echocardiograms of subjects with 
a mobile mid systolic click and no evidence of under! 
ing heart disease with those of matched normal control 
subjects. 
Late systolic posterior motion of mitral valv 
Many prior reports have identified late systolic poste 
rior motion of one or both mitral leaflets (Fig. 1A) as 
common M mode echocardiographic sign of mitral valv 
prolapse.*+-33 Late systolic posterior motion is optimal 
visualized at the junction of the left atrium and le 
ventricle. It is thought to represent posterior downwal 
displacement of the mitral valve during mid to lat 
systole.?425 Our results indicate that when care is taken 
to exclude pericardial effusion (known to cause a false 
positive diagnosis) and with proper attention to echo- 
cardiographic technique, the specificity of this sign is 
100 percent. The sensitivity of late systolic poster 
motion in this study is somewhat higher than h: 
viously been reported for this echocardio graphic 
tern. 24-33 ober € 4 
irap hammocking of one 
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e to y exclude: sane S asd. we observed a 
i nsitivity of 28 percent and a specificity of 99 per- 
cent... 
ee ‘Combined late systolic posterior motion and 
holosystolic hammocking: Although late systolic 
posterior motion can be transformed into holosystolic 
hammocking by the administration of amy] nitrate or 
_by the production of a tachycardia!, these signs are at 
any given time mutually exclusive. Hence, they may be 
combined as a single echocardiographic criterion. By 
doing so, sensitivity increases to 85 percent and speci- 
ficity remains 99 percent. The presence in this study of 
a late systolic or holosystolic murmur in 85 percent of 
subjects with a mid systolic click indicates that the 
majority of those with mitral valve prolapse had mitral 
regurgitation. This may represent an advanced form of 
the syndrome and may in part explain the observed high 
sensitivity. Nevertheless, our results confirm that late 
systolic posterior motion and holosystolic hammocking 
are common, highly diagnostic echocardiographic cri- 
teria for mitral valve prolapse. 
<- Systolic anterior motion of anterior leaflet: Sev- 
eral investigators have described a unique form of sys- 
tolic anterior motion of the anterior mitral leaflet in 
subjects with mitral valve prolapse.!?5 This type of 
systolic anterior motion (Fig. 1C) is characterized by a 
low amplitude hump occurring in early systole followed 
by notching of the mitral leaflets in mid systole. Late 
systolic posterior motion of one or both mitral leaflets 
usually ensues. Prior studies have suggested that this 
sign was produced by echoes from the anterior mitral 
anulus superimposed on the posterosuperior portion of 
the prolapsing anterior mitral leaflet.!:2> More recently, 
studies employing two dimensional echocardiography 
have demonstrated that this echocardiographic pattern 
is caused by anterior motion of elongated, redundant 
chordae ! tendineae.?* Systolic anterior motion (Fig. 1C) 
was observed in 10 patients with a mid systolic click, but 
did not oceur in the control group. This sign, while 
highly specific for mitral valve prolapse, was observed 
exclusively in subjects with late systolic posterior mo- 
iis unique form of systolic anterior motion 
bea variation of a more common criterion 
not by itself be considered diagnostic of 
3 valve prolapse. — 

- Atrial systolic echoes: The presence of systolic 
echoes] in the mid lef im (Fig. 1D) has been re- 
ported to occur in subje 
The sign hasin most freq 






















ith mitral valve prolapse. - 


been associated witha flail - Tepora a Tower 


with Jate ‘systolic posterior motion or. iolosy olic us 
hammocking, its usefulness as an isolated criterion for n 
mitral valve prolapse is questionable. pou 

Early diastolic (paradoxical) anterior motion of 
the posterior mitral leaflet (Fig. 1E): This sign is - 
frequently associated with flail mitral leaflet, but has 
also been reported to occur in patients with severe mi- 
tral valve prolapse and intact chordae tendineae. 12535 
This echocardiographic pattern is usually characterized _ 
by paradoxical anterior motion of the posterior mitral © 
leaflet in early diastole followed by sustained anterior. 
motion for the Curation of diastole. Less commonly, the 
posterior mitral echo is visible only during early diastole: 
as it moves anteriorly. This echocardiographic pattern 
is thought to be caused by loss of support to the mitral 
leaflets due to elongation of the chordae tendineae. A 
false positive pattern may be obtained by recording the 
mitral echogram from an inordinately low position on 
the chest wall. Karly diastolic (paradoxical) anterior 
motion of the posterior mitral leaflet (Fig. 1E) occurred — 
in five subjects with a mid systolic click but was not 
observed in control subjects. This pattern was observed 
in three subjects with holosystolic hammocking andin 
two with late systolic posterior motion. It did not cor- 
relate with the presence of a murmur. 

Early diastolic (paradoxical) anterior motion of the 
posterior mitral leaflet, though uncommon, was specific 
for mitral valve prolapse in this study; however, the 
inability to differentiate between intact and ruptured. 
chordae tendineae limits the diagnostic usefulness of ` 
this sign. Further analysis demonstrated the presence — 
of a type of early diastolic (paradoxical) anterior motion _ 
of the posterior raitral leaflet that appears to beavari-.. 
ation of normal. This pattern (Fig. 1F) is characterized 
by early diastolic anterior motion of the posterior mitral- 
leaflet followed by normal motion for the remainder of 
diastole. We observed this pattern in 13 subjects with 
a mid systolic click and in 12 control subjects. In each 
case, the magnitude of early diastolic anterior motion -` 
was 5 mm or less. 

Heavy diastolic echoes behind mitral valve: 
Multiple investigators reported the presence of heavy - 
diastolic echoes behind the mitral valve in subjects with |. 
mitral valve prolapse.?9-95 Two distinct M mode echo- _ 
cardiographic patterns have been described.96-35 The _ 
first pattern (Fig. 1G) is characterized by thick, shaggy - 
echoes located in the vicinity of the posterior mitral _ 
leaflet throughout diastole. This pattern closely re- - 
sembles the echocardiograms of some patients with 
mitral valve vegetations.?9 The second pattern (Fig. 1B) z 
is characterized by multiple heavy cascading, linear. 
diastolic echoes behind the anterior mitral leaflet. This | 
pattern is reminiscent of that observed i in Seid with | 
a left atrial myxoma. L : porte 
percent incidenc 













































oec one subject. This ; person donated 
holosystolic hammocking. Neither pattern 
ed in the control group. Despite the high speci- 
f these signs in this study, their true specificity 
bt. Firm exclusion of disease states that may 
a false positive diagnosis may require other 
ic techniques such as two dimensional echo- 
graphy or contrast angiography. Thus, the diag- 
nostic usefulness of these signs in the detection of mitral 
valve prolapse is limited. 

- Multiple systolic mitral echoes: The presence of 
anultiple (three or more) parallel systolic mitral echoes 
(Fig. 1D has been correlated with mitral valve prolapse 
in several studies. ^?? In our study, this sign occurred 
more commonly in normal subjects than in those with 
a mid systolic click and thus does not aid in the differ- 
‘entiation of the two groups. 

_. Increased early diastolic excursion of anterior 
leaflet: A high incidence of both increased early dia- 
-stolic excursion of the anterior mitral leaflet (D-E am- 
plitude of 25 mm or greater) (Fig. 1J) and abutment of 
the anterior mitral leaflet against the septum in diastole 
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mittal leaflets (major signs) are comm 
M mode echocardiographic signs. ofa : 
lapse. With proper attention to transducer positio 
after exclusion of pericardial effusion, these ect 
diographic signs may be considered as highly diagnos 
criteria for mitral valve prolapse. Other M mode echo 
cardiographic signs, including the unique form of sy 
tolic anterior motion of the anterior mitral leaflet (Fig 
1C), systolic echoes in the mid left atrium, early diastoli 
(paradoxical) anterior motion of the posterior mitra 
leaflet and heavy diastolic echoes posterior to the mitra 
valve were uncommon, and occurred only in the pres. 
ence of late systolic posterior motion or holosysto: 
hammocking. These signs should not be considered as 
isolated diagnostic criteria for mitral valve prolapse. _ 
The remaining echocardiographic signs tested did not 
differentiate subjects with mitral valve prolapse fom 
normal persons. | | 
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. leviate symptoms in selected patients with left ventricular aneurysm 
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/. . patient was examined with two dimensional e 
16 — .. tricular cineangiography (right anterior oblique vie 
MI ee serpreted by two independent: observers. EM 































a prospective study of 26 consecutive patients with the clinical s sus ispicit 
of left ventricular aneurysm referred over a 10 month period. Every pati eni 
was examined with two dimensional echocardiography and left ventri: 
cineangiography, and findings were interpreted by two. independent ol 
servers. A dilated hypokinetic left ventricle without aneurysm formatior 
on cineangiography in nine patients was identified in all with two dimen- 
sional echocardiography. A left ventricular aneurysm on cineangiography 
in 17 patients was correctly identified in 14 with the two dimensional study 
as were the site and extent of the lesion (apical in 12, anterior in 1 and 
inferior in 1). One apical aneurysm was interpreted on the two dimens 
study as apical dyskinesia; one anterior and one posterobasal aneurysm 
were missed with this technique. Mural thrombi were correctly identified a 
with two dimensional echocardiography in seven of seven patients. - es 
it is concluded that two dimensional echocardiography is an accurate 
noninvasive method that allows differentiation of left ventricular aneurysm 
from diffuse left ventricular dilation in the majority of patients. It provides 
information regarding the resectability of the aneurysm and may obviate 
cineangiography in many cases. 


The presence or absence of a left ventricular aneurysm in patients after 
myocardial infarction can only be suspected clinically, and it is often _ 
impossible to differentiate a left ventricular aneurysm from severe 
generalized hypokinesia of the left ventricle because of extensive: scarring 
(ischemic cardiomyopathy). Yet therapy of the two entities may be ven 
different. Recent reports! suggest that surgical intervention may al 


Left ventriculography has been the standard method to make t 
clinical diagnosis of left ventricular aneurysm*; however, initial s 
ies?! using two dimensional echocardiography suggest that this ti 
nique may provide the same information noninvasively. T 
of this ped was to o evaluate pn the peepee aeea 





of this i 


Methods m | 
Study patients: Twenty-six consecutive peus. with pie history o of fone 


spectively, Their mean age G ilandand deviatic 

















A 3 ally, every pakani had a a Nd 
On, 8 12 dead elecirocardiogram and a chest roent- 


al : paterat nd inferior) was pee for the 
resence ind extent of wall motion abnormalities. Left ven- 
 iricula ‘aneurysm was defined as a localized protrusion of the 

oft ventric ular cavity during systole and diastole with thinned 
] neue c or dyskinetic walls. 


Results 


- Clinical kacio Clinical data and chest X-ray and 
alectrocardiostaphi findings are summarized in Table 
L Signs and symptoms of congestive heart failure were 
more frequently seen in the patients with ischemic 
. cardiomyopathy, while an abnormal precordial impulse 
wam more e often found i in patients with a left ventricular 
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3 T  devetion à was ipis in the majority of patients 
with a left ventricular aneurysm, but in only four of nine 
patients with ischemic cardiomyopathy. In the latter 
group a prominent intraventricular conduction defect 
or a left bundle branch block, likely due to diffuse 
myocardial fibrosis, was noted in five of the nine pa- . 
tients. 

Bebussdéuphidibs eak correlations: - 
Ischemic cardiomyopathy was correctly diagnosed with . 
two dimensional echocardiography in all nine patients ' 
(Table II). Figure 1 shows the angiographic and echo- ~ 
cardiographic correlations of one patient in this group. B 
A dilated diffusely hypokinetic left ventricle is present _ 
in both images. The ultrasonic examination also cor- 
rectly identified 13 of 15 anteroapical aneurysms and 
1 of 2 inferoposterior aneurysms. The second posterior 
aneurysm was small. It involved only the posterobasal 
segments of the left ventricle and was missed by the . 
standard echocardiographic views in this study. One. 
aneurysm involved mainly the anterior wall and a mild. 
anterior bulge was seen on the short axis view, but no 
local protrusion could be identified on the apical views. — 
The third aneurysm missed with two dimensional. 
echocardiography was localized apically. In the four: 
chamber view the apex appeared dilated; however, the 
local protrusion was missed, probably because it was 
technically not possible in this patient to visualize all : 
apical wall segments. P 

Left ventricular thrombi were visualized by altra: z 
sound in seven patients with a left ventricular aneurysm aS 
(41 percent), and in every case left ventricular angiog- _ 
raphy demonstrated a filling defect consistent with . 
thrombus. Figures 2 and 3 show the angiographic- 
electrocardiographic correlations in two patients with — 
an anteroapical and inferoposterior aneurysm, respec- . 
tively. NE 
Three patients underwent successful aneurysmec- SU 
tomy. In each case echocardiographic: wall motion "d 
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'uspid valve; - 


FIGURE 1. ischemic cardiomyopathy. Systolic (A) and diastolic (B) frames of an apical four chamber view of the echocardiogram. The left ventricle... 
s dilated and shows severe diffuse hypokinesia. The systolic (C) and diastolic (D) frames of the ventriculogram confirm the diagnosis.I-d- S. — 
ve; RA = right atrium; RV = right ventricle; TV = tri | 








(LV) 
= inferior and superior; L + R = feft and right; LA = left atrium; MV = mitral val 





VS = ventricular septum. 

















“that ain y confirmed with angiography. 
| Discussion : 


| Gus clinical data arein agreement with those of pre- 
_ vious studies.92.13 There was no clinical, electrocar- 
n diographic or X-ray finding that was diagnostic for the 
presence or absence of a left ventricular aneurysm. A 
combination of congestive heart failure, absence of 
abnormal precordial pulsations and an intraventricular 
conduction defect on the electrocardiogram made the 
diagnosis of left ventricular aneurysm unlikely in our 
study. However, an aneurysm was present in all four 


sidual myocardial function : " patients wh 08 


"ardiog c sig gni f anterior 
C ed eads T and aVL {Table 





myocardial scarring 

Diagnostic accuracy of two dimensional echo- 
cardiography: Results of this investigation confirm the 
high diagnostic accuracy of two dimensional echocar- 
diography for the identification of a potentially surgical 
lesion. This technique provided a noninvasive way to 
assess the amount and function of the residual myo- 
cardium, and therefore contributed to the selection of 
these patients who were likely to benefit from aneur- 
ysmectomy.'4 Recently a quantitative echocardio- 
graphic method for evaluating residual myocardial 

















FIGURE 2. Large anteroapical aneurysm, Systolic (A) and dia- 

stolic (B) frames from a right anterior oblique equivalent view = 

of the echocardiogram. The base of the left ventricle (LV) con-.— 

tracts well. The apex (A) shows a well defined aneurysm. The. 

-> -corresponding ventriculogram (C). confirms the. large apical . 
. aneurysm. Ao = aorta; AV = aortic valve; T thrombus. Siue | 

gicaliy. confined), Other abbreviations as in Fi igure pm E 








nin patients with lef entric ila ar aneury sm was 
ed which may provide important information 
:garding resectability and survival.!^ 

d echnical problems: Some technical difficulties 
may arise with this method besides the well known 
limitations of echocardiography in patients with chronic 
"obstructive lung disease, chest deformity and other 
factors. À complete examination of a dilated apex with 
the transducer in the apical position may be difficult at 
times because of the bright echoes originating from the 
fan. These echoes may interfere with a clear definition 








FIGURE 3. Large posterobasal and septal aneurysm. A, no discrete an- 
_eurysm is seen in the apical four chamber view of the echocardiogram. 
ü »en the transducer is directed more. posteriorly, a large aneurysmal 
)of the base of the ventricular septum (VS) appears. C, the ven- 
gram reveals a taba posterabesal aneurysm. Abbreviations as be- 







of the apical contour. Reduction of transmission at 





increase of the far gain may. alleviate some of th 
difficulties, and it seems that this problem has. 

corrected in newer scanning models. The diagnostk 
yield of two dimensional echocardiography can be fur 

ther improved by utilizing the unique possibilities of th 

sector scan to examine the heart in every possible plane 
and angle. If a ventricular aneurysm is suspected, the 
standard views have to be complemented by many 
unorthodox views in order to evaluate all ventricular — 
segments. Examination from the apical position, which ' 
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Cardiac conditions may seem formidable to some patients, pr eee ue NOE 
especially when diet modifications eliminate favorite foods and 
beverages. But there's one beverage these patients won't have to 
give up: coffee. 

Sanka’ Brand Decaffeinated Coffee is 100% real coffee and it is 
97% caffeine-free. Each cup of Sanka’ contains just a fraction of 
the caffeine found in an equivalent 
cup of regular coffee. That's why 
it will not exacerbate underlying 
cardiac or hypertensive conditions 
in patients who are bothered by 
too much caffeine. 

And because Sanka’ tastes good, 
it aids patient compliance. What's 
more, if is available everywhere 
in instant, freeze-dried or ground 
roast forms. It can even be found 
at restaurants in convenient 
single-service packages. 
. .Non-stimulating Sanka’ is 
ideally suited to many special 
diets. And physicians recommend 


Maxwell House Division 

General Foods Corporation 
Box #3243 i 
Kankakee, Illinois 60901 2 





Please send me a FREE kit with patient sample folders, zum 
"The Ideal Coffee" booklet, and a special coupon for a FREE jar 
of Sonkc* Brand Freeze-Dried Decaffeinated Coffee. ER 
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it more than all other brands of 
decaffeinated coffee combined. DECAFFEINATED COFFEE 


| Offer void where prohibited, taxed, or otherwise restricted. Allow 6-8 weeks 
Oo oO D SENS for processing. 


Generol Foods Corp., Fost Court Street, Kankakee, Hlinois 60901. 














soft tissues, 


"t he clinical manifestations of gout— 
kidney stones, tophi in soft tissues, 
and deposits in and about the joints 
and tendons—result from the deposi- 
tion of excess urates. To reverse the 

. progressive deposition, serum uric 

- acid must be reduced below the satu- 
ration point. 

Use of a uricosuric will lower serum 
-uric acid by increasing the renal 
excretion rate—the sudden increase 
-of which may also cause the formation 
-of renal calculi. 

Unlike the uricosurics, Zyloprim 
-reduces both the serum and urinary 

- uric acid levels by inhibiting the 
formation of uric acid. Thus, the use 
of Zyloprim avoids the hazard of 
increased renal excretion posed by 

- uricosuric drugs. 







M E  Once-daily dosage 


me x The original allopurinol 


of urate deposits i in joints, 
and kidneys 


@ Inhibits production of uric acid 


Unlike the uricosurics, salicylates 
may be given concomitantly for their. 
antirheumatic effect without compro- 
mising the action of Zyloprim. Salicy- 
lates nullify the effect of the uricosurics. 
With a more normal serum urate 
level, the danger of uric acid calculi is 
reduced, and the resolution of tophi | 
and urate crystals in the joints relieves 
chronic pain and increases joint 
mobility. 

Although Zyloprim will not abort 
an acute attack, it is considered by 
many to be the drug of choice for the ` 
prevention of gouty attacks. | 
Seldom was a molecule ever more 
deliberately designed for a specific 
purpose than was Zyloprim. And 
seldom have the expectations for any — 
agent been so thoroughly fulfilled. 
















(al | lopurinol 


T ead 300 mg Scored Tablets 


“INDICATIONS AND USE: This is not an innocuous drug and 

_ strict attention should be given to the indications for its use. 
|» Pending further investigation, its use in other hyperuricemic 
"states is not indicated at this time. 

- Zyloprim* (allopurinol) is intended for: 

|. treaiment of gout, either primary. or secondary to the 

_ hyperuricemia associated with blood dyscrasias and their therapy; 
*2. treatment of primary or secondary uric acid nephropathy, with cr 
without accompanying symptoms of gout; 

3 treatment of patients with recurrent uric acid stone formation; 
he prophylactic treatment to prevent tissue urate deposition, renal 
: calculi, or üric acid nephropathy in patients with leukemias, 

i mphomas and. malignancies who are receiving cancer 
chemotherapy with its resultant elevating effect on serum uric acid 










| CONTRAINDICATIONS: Use in children with the exception of 

hose with hyperuricemia secondary tc malignancy. The drug 

d not! be employed in nursirig mothers. 

atients who have developed a severe reaction to Zyloprim 

‘be restarted on the drug. 

: WARNINGS: ZYLOPRIM SHOULD BE DISCONTINUED AT THE 
PEJ RANCE OF SKIN RASH OR ANY SIGN OF ADVERSE: 








} ypersensitivity r reactions such as exfoliative, urticarial and 
lesions as well as Stevens-Jonnson syndrome (erythema 
ney rarely, a choles a vasculitis which may lead 





















periodic liver function ‘ests should be performed 
irly stages of therapy, particularly in patients with 
ting liver disease. 













ompromise receiving ‘thiazides and Am 
ently, For this reason, in this zlinical setting, such 
ibinat should be administered with caution. 
ce iving Purinethol® (mercaptopurine) or Imuran? 
ii | ant pien i goaa of 300-600 mg of 
redu 











atienta are 


x ,even when nor 
levels dp been att ined. 

< Kt lias been reported thi ongs 

anticoagulant, cicumaral. This interaction: sho 

-. when allopurinol is given to patients already on anticoagulant’ 
_ therapy, and the coagulation time should be reassessed. 


- Afiuid intake sufficient to yield a daily urinary output of at least 2: 


PSOE Of ro Professional: Services Department PML. 










hat allopurinol pro longs 
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liters and the maintenance of a neutral or, preferably, slightly 

alkaline urine are desirable to (1) avoid the theoretic possibility of 
formation of xanthine calculi under the influence o! Zyloprim 
therapy and (2) help prevent renal precipitation of urates in patients 
receiving concomitant uricosuric agents. 


Patients with impaired renal function require less drug and should 
be carefully observed during ‘he early stages of Zyloprim 
administration and the drug withdrawn if increased abnormalities 
in renal function appear. 

In patients with severely impaired renal function, or decreased 
urate clearance, the half-life of oxipurinol in the plasma is greatly 
proionged. Therefore, a dose of 100 ma per day or 300 mg twice a 
week, or perhaps less, may be sufficient to maintain adequate 
xénihine oxidase inhibition to reduce serum urate levels. Such 
patients should be treated with the lowest effective dose, in order to 
m:nimize side effects. 

Mila reticulocytosis has appeared in some patients. 

Periodic determination of liver and kidney function and complete 
blocd counts should be performed especially during the first tew 
months of therapy. 


ADVERSE REACTIONS: 

Dermatologic: Because in some instances skin rash has been 
followed by severe hypersensitivity reactions, it is recommended 
that therapy be discontinued at the frst sign of rash or other 
adverse reaction (see WARNINGS). Skin rash, usually 
maculopapular, is the adverse reaction most commonly reported. 
The incidence of skin rash may be increased in the presence of 
renal disorders. 


Exfoliative, urticarial and purpuric lesions, Stevens-Johnson 
syndiome (erythema multiforme) and toxic epidermal necrolysis. 
have also been reported, 

A few cases of alopecia with and without accompanying derrnatitis 
have been reported, 

in some patients with a rash, restarting Zyloprim (allopurinol) 
therapy at lower doses has been accomplished withcut untoward 
incident. 

Gastrointestinal: Nausea, vomiting, diarrhea, and intermittent 
abdominal pain have been reported. 


Hepatic: Rare cases of granulomatous hepatitis and hepatic 
necrosis have been reported. 


Vascuiar: There have been rare instances of a generalized 
hypersensitivity vasculitis or necrotizing angiitis which have led to 
irreversible hepatotoxicity and death. 


Hematopoietic: Agranulocytosis, anemia, aplastic anemia, bone 
marrow depression, leukopenia, pancytopenia and 
thrombocytopenia have been reported in patients, most of whom 
received concomitant drugs with potential for causing these 
reactions. Zyloprim has been neither implicated nor excluced as a 
cause of these reactions. 


Renal: Rare cases of renal failure have been reported in hyper- 
tensive patients who received thiazides and Zyloprim concurrently. 
some patients had evidence cf hypersensitivity to allopurinol, 
Neurologic: There have been a few reports of peripheral neuritis 
occuring while patients were taking Zyloprim. Drowsiness nas 
also been reported in a few patients, 
Ophthaimic: There have been a few reports of cataracts found in - 
patients receiving Zyloprim. It is not known if the cataracts 
predated the Zyloprim therapy. "Toxic" cataracts were reported in 
one patient who also received an anti-inflammatory agent; again, 
the time of onset is unknown. In a group of patients followed by 
Gutmen.and Yü for up to five years on Zyloprim therapy, no 
evidence of ophthalmologic effect attributable to Zyloprim was 
reported: 
Drug idiesyncrasy: symptoms suggestive of diüg idiosyncrasy 
have been reported in a few patients. This was characterized by 
fever, chills, leukopenia or leukocytosis, eosinophilia, arthralgias, 
skin rash, pruritus, nausea and vomiting. 
OVERDOSAGE: Massive overdosing, cr acute poisoning, by 
Zyloprim has not been reported. E 
HOW SUPPLIED: 100 mg (white) scored tablets, bottles of 100 and 
1000; 300 mg (peach) scored tablets, bottles of 30, 100 and 500. 
Unit dose packs for each strength also available... 

Complete information available from your local B. W. Co. 
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Wwe eorcomes the limitations of sublingual, 


ral and topical nitrates. 


Biingacl—A short duration of action fora: 
ately 12 minutes) limits sublingual nitroglycerin 
jse in an acute attack or prophylaxis in an anticipated 
3 situation. 
Nitro-Dur"" (nitroglycerin) Transdermal Infusion 
stem provides protection continuously for 24 hours, 
n during an unanticipated stress situation. 


a I— Protection is unreliable with oral nitrates, 

ce the drug is metabolized on the first pass through 
‘liver. | 

Nitro-Dur is absorbed into the venous system 

ough the skin, thereby avoiding first-pass inactivation. 
pical—Nitroglycerin ointments have a duration of 
ion that ranges from 4 to 8 hours. 

But dosing with an ointment is difficult, messy, 
yrecise and subject to patient error. Dose-to-dose 
iations are unavoidable. 


IC q difuses ech the skin at a constant rate. The 
oss is continuous, providing a steady, predictable 
v of nitroglycerin from the matrix to the skin and 
E y into the blood. 
vIn bioavailability studies,* transdermal absorption of 
'OC ean from the Nitro-Dur matrix achieved steady- 
ite e venous plasma levels and maintained these levels 
24 hours. For each square centimeter of matrix, 
at delivers approximately 0.5 mg of nitroglycerin 
aa pid of the skin, the stratum 


E^ 


C Nitro-Dut is the first transdermal nitroglycerin to offer 


. precision in dosing, elegance and patient security. In 
. contrast to other nitrates, pe is also easy to apply 


and effective for 24 hours. 


Nitroglycerin therapy i is contraindicated in patients with 
increased intraocular pressure. Symptoms of hypoten- 
sion may be due to overdosage. If hypotension occurs, 
the dosage should be reduced. In terminating treatment, 
the dosage must be gradually reduced over a 4 to 6 


| week Herod ee 


Nitro-Dur 


(nitroglycerin) 


Transdermal Infusion System 


Please see next page for a summary of prescribing information. 
*Data on file, Key Pharmaceuticals, Inc. 


© 1982 Key Pharmaceuticals, Inc. 





[ Unlike sublingu 
nitroglycerin, Nitro-Dur™ 
(nitroglycerin) provides 
protection for 24 hours. 


Easy and convenient 


to apply. 


hi Apply Nitro-Dur to the upper arm or a hair- 
free portion of the chest. The area selected 


must be clean and dry. 


2. Allow Nitro-Dur to remain in place for 24 


O Unlike oral nitroglycerin, 





ays 


Nitro-Dur avoids first-pass 
inactivation. 





Unlike nitrogly 






Sy 
cerin 
ointment, Nitro-Dur is easy 
to apply and provides 


precise, reproducible dosing. 


simple to titrate. 


Titration should be in increments of 5 cm?. Re- 
lief of anginal symptoms and/or reduction of 


sublingual tablet usage should be indicators in — 
determining a patients optimal therapeutic level. 


With Nitro-Dur, there is no need to titrate to 


headache. 


hours. Showering is permitted while wearing 


the bandage. 


Nitro-Dur " (nitroglycerin) 
Transdermal Infusion System 


DESCRIPTION: The Nitro-Dur Transdermal Infusion 
System contains nitroglycerin ima gel-like matrix 
composed of glycerin, water (purified), lactose. poly- 
vinyl alcohol, povidone and sodium citrate to provide 
a continuous source of the active ingredient. Nitro-Dur 
is available in 5 dosage sizes: 5cm?, 10cm?, 15cm?, 
20cm?, and 30cm*?, containing 25 mg, 51 mg, 77 mg, 
104 mg and 154 mg of nitroglycerin, respectively, — 
thereby providing precise dosing levels of nitroglycerin. 
Nitro-Dur has a rated release in vivo cf approximately 
0.5 mg/cm?/24 hours. Each unit is sealed in a poly- 
ester-foil-polyethylene laminate. "he bandage portion 
consists of a medical grade non-woven, heat sealable, 
microporous tape. 


CLINICAL PHARMACOLOGY: When the Nitro-Dur sys- 
tem is applied to the skin, nitroglwcerin is absorbed 


continuously through the skin into the systemic circula- 


tion. This results in active ro reaching the target 
organs (heart, extremities) before deactivation by the 
liver. Nitroglycerin is a smooth muscle relaxant with 
vascular effects manifested Bigot oly by venous 
dilation and pooling. The major beneficial effect of 
nitroglycerin in angina pectoris is a reduction in myo- 
cardial oxygen consumption secoadary to vascular 
smooth muscle relaxation with resultant reduction in 
cardiac preload and afterload. In recent years there has 
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Nitro-Dur 


(nitroglycerin) 


Transdermal Infusion System 


been an increasing recognition of a direct vasodilator 
effect of nitroglycerin on the coronary vessels. 

_In bioavailability studies,’ transdermal absorption of 
nitroglycerin from the gel-like matrix achieved steady 
state venous plasma leve s comparable to that of 
sublingual nitroglycerin and maintained these levels 
for 24 hours. Therapeutic effect is achieved within 
30 minutes after o niens of the unit, and persists 
about 30 minutes after removal of the unit. 
INDICATIONS AND USAGE: Prevention and treatment of 
angina pectoris due to coronary artery disease. 
CONTRAINDICATIONS: Intolerance of organic nitrate 
drugs, marked anemia, increased intraocular pressure 
or increased intracranial pressure. 


WARNINGS: The Nitro-Dur system should be used 
under careful clinical and/or hemodynamic monitoring 
in patients with acute myocardial infarction or con- 
gestive heart failure. 

In terminating treatment of anginal patients, both the 
dosage and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks in order to 
prevent sudden withdrawal reactions, which are charac- 
teristic of all vasodilators in the nitroglycerin class. 
PRECAUTIONS: Symp:oms of hypotension, such as 
faintness, weakness or dizziness, particularly ortho- 
static hypotension, may be due to overdosage. If 
during the course of treatment these symptoms occur, 
the dosage should be reduced. 

Nitro-Dur is not intendec for use in the treatment of 
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acute anginal attacks. For this purpose, occasional use 
of sublingual nitroglycerin may be necessary. 
ADVERSE REACTIONS: Transient headache is the most 
common side effect, especially when higher doses of the 
drug are administered. Headaches should be treated with 
mild analgesics while continuing Nitro-Dur therapy. If hea 
acne persists, the Nitro-Dur dosage should be reduced. 
Adverse reactions reported less frequently include 
hypotension, increased heart rate, faintness, flushing, 
dizziness, nausea, vomiting, and dermatitis. Except 
for dermatitis, these symptoms are attributed to the 
pharmacologic effects of nitroglycerin. However, they 
may be symptoms of overdosage. When they persist, 
the Nitro-Dur dosage should be reduced or use of the 
prcduct discontinued. 
HOW SUPPLIED: Nitre-Dur Transdermal Infusion 
System, 5cm?, 10cm?. 15cm?, 20cm? and 30cm?, 
is available in unit dose packages of 28 and 100. 
CAUTION: Federal law prohibits dispensing without a 
prescription. 
PATIENT INSTRUCTIONS FOR APPLICATION: Patient 
instructions are furnished with each unit dose package. 


For complete prescribing information, please see 
package insert. 


‘Data on file: Key Pharmaceuticals, Inc. 
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CARDIO ony: 14x7 - 


The Second Issue of the New Annual providing a multidisciplinary 
approach to the latest, most important information on the state- 
of-the-art of cardiovascular medicine and surgery 
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i mu .. April 1982, $45.00 ISSN 0275-0066 - 
What is CARDIOLOGY 1982? CARDIOLOGY: 1982 provides in a concise and readable format and 
o Th d rasos to b blished in th style fundamental and new information essential to understanding the 
e second in an annual series to be published in the current thinking on managing cardiovascular disease. It coordinates 
* SPRING each year what's new with well-established data, arming the reader with a per- 
€ A review of the year's newest and most important spective on the field which is simply unavailable elsewhere. Its liberal 
developments in cardiology — 665 papers use of illustrations and original tables condenses valuable information 


ERI into instantly understandable knowledge. 
€ A multidisciplinary approach to clinical and applied 


research based on an exhaustive search of the year's sidus of the first edition 
literature ...Fecommend...to any reader tenete in the literature of cardiology." 
í : Irwin R. Callen, M.D. 
e A unique, cohesive summary of the state-of-the-art, JAMA, November, 1981 


written, not edited, by those making outstanding 
developments in the field 





"It is more than merely a reference book, since it explains what to the 


€ A practical approach to a complicated and fast-moving average physician may be obscure....a treasure house of 1980 
subject designed to be read and used daily publications: Rts bighiy recommended, Pi Reichert, MD. 
. ew York State J | of 
CARDIOLOGY:1982 is NOT Medicine, September 1981 
€ A collection of unrelated reviews 
: , “This is an excellent book, very well organized and written...should be 
€ An abstracting service on the shelf of the library, cardiologist, ano onana 5 (ms 
s . . . Robert B. klin, ,USA 
€ A rehash of materials readily available elsewhere Military Medicine, November. 1981 
t! "^. o Medical Books, Box C-757. Brook. Now York'11205 © Aiek TAN 
SPECIAL - AC Yorke Medical Books, Box C-757, Brooklyn, New York 11205 AJCG2 
DISCOUNT OFFER - | O Please send me a copy of the 1982 edition at the full price of $45.00. | do not wish to place a 
Fey standing order. 
Placea standi order to receive e 
edition of CANO DM. : 1982 on 30 O Enclosed is my check for 1 1 1. . Yorke pays postage and handling. 
day app yroval and receive a 10% dis- (Same return privilege) 
| count c on this and all future oumong. (New York residents add appropriate sales tax. Add $5.00 per book for orders outside the U.S. and Canada.) 


O Please bill my O VISA O MasterCard (same return privilege) 
C1 YES, please enter my standing Exp. date — 11 CardNo. |.  .. MC" Interbank No. 
order for CARDIOLOGY: 1982. | un- . 
derstand that each edition (published 1 O Please bill me plus postage and handling (U.S. and Canadian orders only) 


once a year) will be automatically | 





shipped to me on 30 day approval, and - Name 
| will receive a 10% discount on this i 
and all future editions. (1982 edition. Address 
| i discount price $40.50) i : 
: City/State/Zip 
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THE ALPHA 
UNIVERSE 


..Is the Catapres' universe of 
central alpha control for 
all kinds of hypertensives 


No contraindications"' to Catapres — 
you can prescribe it for: 


e Asthmatic hypertensives 
Does not act directly on beta; receptors of 
the lungs (blocking these receptors induces 
bronchospasm). 


e Diabetic hypertensives 
Lowers blood pressure without impairing oral 
antidiabetic effectiveness. 


e Hypertensives with renal insufficiency 
Lowers blood pressure without long-term 
reduction of cardiac output. (Does not 
reduce renal perfusion or GFR.) 


e Hypertensives with congestive heart failure 
Does not depress myocardial contractility. 


e Stress-induced hypertension 
Inhibits sympathetic nervous activity 
centrally and does not elevate plasma 
catecholamines. 


e Elderly hypertensives | 
Hecommended in isolated systolic 
hypertension in the elderly.' 

*Central alpha-adrenergic stimulation decreases sympathetic 
outflow from the brain, as shown in animal studies. 


**L ike any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal failure. 


1. Statement on Hypertension in the Elderly, Revised April, 
1980. Approved by the National High Blood Pressure 
Education Program Coordinating Committee. 


ablets of O.1. 0.2. 0.3 mg 


atapres 
(clonidine HCI) 


Hypertension 


Please see brief summary of PI for warnings, precautions, and 
adverse reactions. 














Tablets of 0.1,0.2,0.3mg ,. ! 





(Clonidine HC) 7a" 
Hypertension ^ 


& 
Catapres 
(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg E 
Indication: The drug is indicated in the treatment of hypertension. As an anti- i iri 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- The Alpha Universe, a painting by Arthur Lidov, com 
tency. It may be employed in a general! treatment program with a diureticand/or sioned by Boehringer Ingelheim Ltd. 
other antihypertensive agents as needed for proper patient response. l 
Warnings: Tolerance may develop in some patients necessitating areevalua- | LiGOv S work, the seconc in a series on central alpha ac 
tion of therapy. interprets the Alpha Universe on many levels...the univ 


Usage in Pregnancy: In view of embryotoxic findings in animals, and since : 
iornafíon on possible adverse effects in pregnant women is limited to uncon- of patients who can benefit from the central alpha contr 


trolled clinical data, the drug is not recommended in women who are or may Catapres...the special world of patient/clinician interacti 
become pregnant unless the potential benefits outweigh the potential risk to — the internal universe within each patient that determine 


Usage in Childsen: No clinical experience is available with the use of Catapres modifies his therapy...and the universe of medicine i 
(clonidine hydrochloride) in children. Lidov is a painter whose art invites us to share his own fi 
Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce — "ation with the creativity inherent in science. 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood ' ; 23. 
pressure and associated subjective symptoms such as nervousness, agitation, lf you like this painting, we would be pleased to send yi 
and headache. Patients should be instructed not to discontinue therapy without handsome reproduction suitable for frami ng...with 
consulting their physician. Rare instances of hypertensive encephalopathy and compliments 
death have been recorded after cessation of clonidine hydrochloride therapy. A r 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug mey enhance the CNS-depressive effects of alcohol, barbiturates and 
Other sedatives. Like any other agent lowering blood pressure, clonidine hydro- 
chloride should be used with caution in patients with severe coronary insuffi- 
eet recent myocardial infarction, cerebrovascular disease or chronic renal 

ure. 

As an integral part of their overall long-term care, patients treated with 
-Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 
rained findings have been recorded with Catapres (clonidine hydro- 
chioride), in several studies the drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely, (In 
some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, nenas phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental neon of Catapres 
oe hydrochloride) by several children from 19 months to 5 years of age. 
3astric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine hydro- 
chloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, sip code tablets in bottles of 100 and 
1000 and unit dose package of 100.. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 
r complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH 
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moves cardiovascular 
. medicine 
Into anew age. 





Isoptin slows 

AV conduction 
and prolongs the 
refractory period 


of the node. 


Isoptin reduces 
peripheral vascular 
resistance. 


Isoptin reduces 
myocardial workloac 





_Anew kind of cardiovascular con- 
trol: Isoptin controls the movement of 

_ calcium ions across the cell membrane of 
- cardiac and vascular smooth muscle cells, 
- producing a unique set of cardiovascular 
- effects without altering total serum 

- calcium levels. 


-. With immediate clinical application 
- to supraventricular tachyarrhyth- 

: mias: In PSVT (paroxysmal supraventric- 
- ular tachycardia), Isoptin converted 6590 

_ of patients to normal sinus rhythm, and an 
- additional 12% responded with controlled 
ventricular rate (usually — 100 BPM), for an 
overall response of 75%.* In atrial fibrilla- 
tion or flutter, Isoptin effectively controlled 
the rapid ventricular response in 81% of 
patients (usually within 30-60 minutes).* 


A low incidence of side effects: In 

- United States double-blind, placebo con- 

- trolled studies of 324 patients, the total 

_ incidence of side effects, cardiovascular or 
extracardiac, was 696.* Unlike beta block- 

ers, Isoptin requires no special caution in 

patients with asthma, COPD, or peripheral 

vascular disease, including Raynaud's 

Disease. 


Concomitant use with oral cardio- 
active drugs: Isoptin has been used with 
oral digitalis and oral beta blockers with- 
out serious adverse effects. Careful patient 
monitoring is advised (See Warnings). For 
use with other cardioactive drugs, please 
see full prescribing information. 


Because a small fraction (— 1.096) of 
patients respond with life-threatening ad- 
verse responses, the initial use of Isoptin 
I. V. should, if possible, be in a treatment 
setting with monitoring and resuscitation 
facilities, including D.C.-cardioversion 
capability. Isoptin is contraindicated in 
severe hypotension, cardiogenic shock, 
second- or third-degree AV block, sick 
sinus syndrome (except in patients with a 
functioning artificial ventricular pace- 
maker), severe congestive heart failure 
(unless secondary to a supraventricular 
tachycardia amenable to Isoptin therapy). 
Isoptin I.V. and I.V. beta blockers should 
not be administered in close proximity to 
each other (within a few hours). 


*Data on file, Knoll Pharmaceutical Company. 


The primary calcium antagonist 


ISOPTIN iv 


ath HCI jes — 


B J hn 2 
t P. z - ^ v owl 
REMPLI s n Ld E os 


A 

ate 

Bie? TE E il ES 
3 2s [veut | icr é> 
ETER nde 


ral - * L zx "we ~ : m b S 
Une uat he à vcr 8 5 u^. Us oe, s 
CINE i4... 90€ e o LR ‘af = U^ dm — 
| i * f, 7^3. Y ` 1 ud r4 
rig FF & age ? | P 
PONE 79 VT ens M ? O? 
q D J "vl y M. "he r nS « 
" PA " y 
4 WM, 5 








Brief rief Summary 
ene ag insert for full prescribing information. 


erat ya Injection’ 
Injection 
INDICATIONS AND USAGE 
ISOPTIN (verapamil HCI) is indicated for the treatment of supra- 
ventricular tachyarrhythmias, including: 
e Rapid conversion to sinus rhythm of paroxysmal supraventric- 
ular tachycardias, including those associated with 
accessory bypass tracts (Wolff-Parkinson-White [W-P-W] and 
Lown-Ganong-Levine [L-G-L] syndromes). When clinically 
advisable, appropriate vagal maneuvers (e.g. Valsalva maneuver) 
should be attempted prior to ISOPTIN administration. 
e Temporary control of rapid ventricular rate in atrial flutter or 
atrial fibrillation. 
in controlled studies in the United States, about 6096 of patients 
with supraventricular tachycardia converted to normal sinus 
rhythm within 10 minutes after intravenous ISOPTIN. Uncontrolled 
studies reported in the world literature describe a conversion rate 
of about 80%. About 70% of patients with atrial flutter and/or 
fibrillation with a fast ventricular rate respond with a decrease in 
heart rate of at least 20%. Conversion of atrial flutter or fibrillation 
to sinus rhythm is uncommon (about 10%) after ISOPTIN and may 
reflect the spontaneous conversion rate, since the conversion rate 
after placebo was similar. The effect of a single injection lasts for 
30-60 minutes when conversion to sinus rhythm does not occur. 


_ Because a small fraction (< 1.0%) of patients treated 
with adverse 


patient's response is gained, an office setting would be 
acceptable 


CONTRAINDICATIONS 
Verapamil HCI is contraindicated in: 

1. Severe hypotension or cardiogenic shock 

2. Second- or third-degree AV block 

3. Sick sinus syndrome (except in patients with a functioning 
artificial ventricular pacemaker) 

4. Severe congestive heart failure (unless secondary to a supra- 
ventricular tachycardia amenable to verapamil therapy) 

5. Patients receiving intravenous beta adrenergic blocking 
drugs (e.g., propranolol). Intravenous verapamil and intra- 
venous beta adrenergic blocking drugs should not be 
administered in close proximity to each other (within a few 
hours), since both may have a depressant effect on myocar- 
dial contractility and AV conduction. 


WARNINGS 

ISOPTIN SHOULD BE GIVEN AS A SLOW INTRAVENOUS INJECTION 
OVER AT LEAST A TWO MINUTE PERIOD OF TIME. (See Dosage and 
Administration) 

Hypotension: Intravenous verapamil often produces a decrease 
in blood pressure below baseline levels that is usually transient 
and asymptomatic but may result in dizziness. Systolic pressure 
less than 90 mm Hg and/or diastolic pressure less than 60 mm Hg 
was seen in 5-10% of patients in controlled U.S. trials in supraven- 
. tricular tachycardia and in about 10% of the patients with atrial 
flutter/fibrillation. The incidence of symptomatic hypotension 
observed in studies conducted in the U.S. was approximately 1.5%. 
Three of the five symptomatic patients required pharmacologic 
treatment (levarterenol bitartrate I.V., metaraminol bitartrate LV., 
or 10% calcium gluconate |.V.). All recovered without sequelae. 
Rapid Ventricular Response in Atrial Flutter /Fibrillation: 
Patients with atrial flutter/fibrillation and an accessory AV path- 
way (e.g., Wolff-Parkinson-White or Lown-Ganong-Levine syn- 
dromes) may develop increased antegrade conduction across the 
aberrant pathway bypassing the AV node, producing a very rapid 
ventricular response after receiving verapamil (or digitalis). This 
has been reported in 196 of the patients treated in controlled 
double-blind trials in the United States. Treatment is usually D.C.- 
cardioversion. Cardioversion has been used safely and effectively 
after intravenous ISOPTIN. (See Adverse Reactions and Treatment 
of Adverse Reactions) 

Extreme / Asystole: Verapamil slows conduction 
across the AV node and rarely may produce second- or third- 
degree AV block, bradycardia and, in extreme cases, asystole. This 
is more likely to occur in patients with a sick sinus syndrome (SA 
nodal disease), which is more common in older patients. Bradycar- 
dia associated with sick sinus syndrome was reported in 0.396 of 
the patients treated in controlled double-blind trials in the United 
States. The total incidence of bradycardia (ventricular rate less 
than 60 beats/min) was 1.2% in these studies. Asystole in patients 
other than those with sick sinus syndrome is usually of short 
duration (few seconds or less), with spontaneous return to AV 
nodal or normal sinus rhythm. If this does not occur promptly, 
appropriate treatment should be initiated immediately. (See 
Adverse Reactions and Treatment of Adverse Reactions) 

Heart Failure: When heart failure is not severe or rate related, it 
should be controlled with optimum digitalization and diuretics, as 
appropriate, before ISOPTIN is used. 

In patients with moderately severe to severe cardiac dysfunction 
(pulmonary wedge pressure above 20 mm Hg, ejection fraction less 
than 20%), acute worsening of heart failure may be seen. 
Concomitant Antiarrhythmic Therapy: 

Digitalis 

Intravenous verapamil has been used concomitantly with digitalis 


= = 


preparations without the occurrence of serious adverse effects. 
However, since both drugs slow AV conduction, patients should be 
monitored for AV block or excessive bradycardia. 
Quinidine—Procainamide 

Intravenous verapamil has been administered to a small number of 
patients receiving oral quinidine and oral procainamide without 
the occurrence of serious adverse effects. 

Beta-Adrenergic Blocking Drugs 

Intravenous verapamil has been administered to patients receiving 
oral beta blockers without the development of serious adverse 
effects. However, since both drugs may depress myocardial con- 
tractility or AV conduction, these possibilities should be consid- 
ered. On rare occasions, the concomitant administration of 
intravenous beta blockers and intravenous verapamil has 
resulted in serious adverse reactions (see Contraindications), 
especially in patients with severe cardiomyopathy, congestive 
heart failure or recent myocardial infarction. 

Disopyramide 

Until data on possible interactions between verapamil and all 
forms of disopyramide phosphate are obtained, disopyramide 
should not be administered within 48 hours before or 24 hours 
after verapamil administration. 


Heart Block: ISOPTIN prolongs AV conduction time. While high 
degree AV block has not been observed in controlled clinical trials 
in the U.S., a low percentage (less than 0.5%) has been reported in 
the world literature. Development of second- or third-degree AV 
block or unifascicular, bifascicular or trifascicular bundle branch 
block requires reduction in subsequent doses or discontinuation of 
verapamil and institution of appropriate therapy, if needed. (See 
Adverse Reactions and Concomitant Antiarrhythmic Therapy) 
Hepatic and Renal Failure: Significant hepatic and renal failure 
should not increase the effects of a single intravenous dose of 
ISOPTIN but may prolong its duration. Repeated injections of intra- 
venous ISOPTIN in such patients may lead to accumulation and an 
excessive pharmacologic effect of thesdrug. There is no experience 
to guide use of multiple doses in such»patients and this generally 
should be avoided. If repeated injections are essential, blood pres- 
Sure and PR interval should be closely monitored and smaller 
repeat doses should be utilized. Data on the clearance of 
verapamil by dialysis are not yet avaitable. 

Premature Ventricular Contractiens: During conversion to 
normal sinus rhythm, or marked reduction in ventricular rate, a 
few benign complexes of unusual appearance (sometimes resem- 
bling premature ventricular contractions) may be seen after treat- 
ment with verapamil. Similar compiexes are seen during 
spontaneous conversion of supraventricular tachycardias, after 
D.C.-cardioversion and other pharmacologic therapy. These com- 
plexes appear to have no clinical significance. 


PRECAUTIONS 

Drug Interactions: (See Warnings: Concomitant Antiarrhythmic 
Therapy) Intravenous ISOPTIN (verapamil HCI) has been used con- 
comitantly with other cardioactive drugs (especially digitalis and 
quinidine) without evidence of serious negative drug interactions, 
except, in rare instances, when patients with severe cardiomyo- 
pathy, congestive heart failure or recent myocardial infarction 
were given intravenous beta-adrenergic blocking agents or diso- 
pyramide. Drug interaction studies are ongoing. As verapamil is 
highly bound to plasma proteins, it should be administered with 
Caution to patients receiving other highly protein bound drugs. 


Pregnancy: Pregnancy Category B. Reproduction studies have 
been performed in rats and rabbits. At doses up to 2.5 and 1.5 
times the human oral dose, respectively, no evidence of impaired 
fertility or harm to the fetus due tc verapamil was revealed. There 
are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always pre- 
dictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 

Labor and Delivery: There have been few controlled studies to 
determine whether the use of verapamil during labor or delivery 
has immediate or delayed adverse effects on the fetus, or whether 
it prolongs the duration of labor or increases the need for forceps 
delivery or other obstetric intervention. Such adverse experiences 
have not been reported in the literature, despite a long history of 
use of intravenous ISOPTIN in Europe in the treatment of cardiac 
side effects of beta-adrenergic agonist agents used to treat prema- 
ture labor. 


Nursing Mothers: It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk 
and because of the potential for adverse reactions in nursing 


 imfants from verapamil, nursing should be discontinued while vera- 


pamil is administered. 
Pediatrics: Controlled studies with verapamil have not been con- 
ducted in pediatric patients, but uncontrolled experience with 
intravenous administration in more than 250 patients, about half 
under 12 months of age and about 25% newborn, indicates that 
results of treatment are similar to those in adults. The most com- 
monly used single doses in patients up to 12 months of age have 
ranged from 0.1 to 0.2 mg/kg of body weight, while in patients 
aged 1 to 15 years, the most commonly used single doses ranged 
from 9.1 to 0.3 mg/kg of body weight. Most of the patients 
received the lower dose of 0.1 mg/kg once, but in some cases, the 
cose was repeated once or twice every 10 to 30 minutes. 
ADVERSE REACTIONS 
The following reactions were reported with intravenous ISOPTIN 
use in controlled U.S. clinical trials involving 324 patients: 
Cardiovascular: Symptomatic hypotension (1.5%); brady- 
cardia (1.2%); severe tachycardia (1.0%). The worldwide expe- 
rience in open clinical trials in more than 7900 patients was 
similar. 
Central Nervous System Effects: Dizziness (1.295); head- 
ache (1.296). 
Gastrointestinal: Nausea (0.9%); abdominal discomfort 
(0.6%). The following reactions were reported in single - 


patients: emotional depression, rotary nystagmus, sleepiness, - - 


vertigo, muscle fatigue or diaphoresis. (See chart below.) 
OVERDOSAGE ; 
Treatment of overdosage should be supportive. Beta-adrenergic 
stimulation or parenteral administration of calcium solutions may _ 
imecrease calcium ion flux across the slow channel. These pharma- 
eologic interventions have been effectively used in treatment of 
deliberate overdosage with oral verapamil. Clinically significant 
hypotensive reactions or high degree AV block should be treated 
with vasopressor agents or cardiac pacing, respectively. Asystole 
should'be handled by the usual measures including isoproterenol 
hydrochloride, other vasopressor agents or cardiopulmonary 
resuscitation. (See Treatment of Cardiovascular Adverse Effects) 


The recommended intravenous doses of ISOPTIN are as follows: 
ADULT: 

Initial dose: 5-10 mg (0.075—0.15 mg/kg body weight) given as 
an intravenous bolus over 2 minutes. 

Repeat dose: 10 mg (0.15 mg/kg body weight) 30 minutes after 
the first dose if the initial response is not adequate. 

Older patients: The dose should be administered over at 

ieast 3 minutes to minimize the risk of untoward drug effects. 
PEDIATRIC: Initial dose - 

D—1 year: 0.1—0.2 mg/kg body weight (usual single dose range: 
2.75—2 mg) should be administered as an intravenous bolus over 
? mnutes under continuous ECG monitoring. 

1-15 years: 

2.1—0.3 mg/kg body weight (usual single dose range: 2—5 mg) 
should be administered as an intravenous bolus over 2 minutes. 
Do not exceed 5 mg. 


Repeat dose 

D—1 year: 0.1—0.2 mg/kg body weight (usual single dose range: - 
0.75—2 mg) 30 minutes after the first dose if the initial response is 
not adequate (under continuous ECG monitoring). 

1—15 years: 

0.1—0.3 mg/kg body weight (usual single dose range: 2—5 mg) 30 
minutes after the first dose if the initial response is not adequate. 


Do not exceed 10 mg as a single dose. 

KNOLL PHARMACEUTICAL COM 
Whippany, New Jersey 07981 
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Suggested Treatment of Acute Cardiovascular Adverse Reactions* 
The frequency of these adverse reactions was quite low and experience with their treatment has been limited. 


Adverse 
Reaction 


1. Symptomatic hypotension 
requiring treatment 


2. Bradycardia, AV block, 
Asystole 
Atropine (IV.) 
Cardiac pacing 


3. Rapid ventricular rate (due to 
antegrade conduction in lutter / 
fibrillation with W-P-W or L-G-L 
syndromes) 


may be required) 
Pracainamide (IV) 
Lidocaine (IV.) 


Levarterenol bitartrate (!V.) 
Metaraminol bitartrate ((V.) 
Isoproterenol HCI (LV.) 


Isoproterenol HCI (IV.) 
Levarterenol bitartrate (LV.) 





Treatment with 
Good Theoretical 
Rationale 


Supportive 
Treatment 


Intravenous fluids 
Trendelenburg 


position 


Dopamine (I V.) 
Dobutamine (1V.) 


intravenous fluids 
(slow drip) 


D.C.—cardioversion (high energy 


Intravenous fluids 
(slow drip) 


"Actual treatment and dosage should depend on the severity of the clinical situation and the judgement and experience of the treating 


physician, 
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| to establish patency in the affected vessel. iti is concluded ofen coro 
vasospasm can result in postinfarction angina. de 





Chest pain resulting from coronary spasm ("variant angina") has bee 
well described, as has the cause, prognosis, and therapy of this form. : 
angina. The fact that coronary spasm may culminate in an acute my: 
cardial infarction has been well documented. However, there has bee 
only a rare description of the occurrence of coronary spasm after an acu 
infarction. Prinzmetal et al.! claimed that coronary spasm ceases im 
mediately and completely after the myocardial infarction, while others^-* 
have suggested that it may continue. We report on three patients who 
had recurrent chest pain soon after sustaining an acute myocardial 
infarction and who had. angiographic documentation of. coronary 
spasm. 


Case Reports 


Case 1 | T 
This 37 yes old man had a 20 1 year history o of vae. chest pains. He had 


Rosen of chest pain during th the o follo ng ‘his infaretio 
tolerated medical. therapy | 
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sedes of chest pa admission he began to have chest pain at rest 
every morning, with a severe, prolonged episode on the 
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iho the Ru wave in lead v. had aii in n height and 
width, suggesting posterior wall involvement. 

Over the next 2 to 3 weeks the patient again had recurrent 
chest pain at rest. Therapy was limited because even small 
doses of nitrates caused persistent headaches. For these rea- 
sons a second cardiac catheterization was performed. The left 
ventricular ejection fraction was 0.55 and there was inferoa- 
pical and lateral wall hvpokinesia. There was complete oc- 
clusion of the proximal obtuse marginal branch but only 
minimal luminal irregularities in the right coronary (Fig. 3A) 
and left anterior descending arteries and in the remainder of 


FIGURE 1. Case 1. Left coronary arteriograms in right 
anterior oblique projection. Top, There is.a 60 percent. 
tubular narrowing of the proximal left anterior descending 
artery (arrow). Bottom, after administration of ergonovine, 
complete occlusion of the left anterior descending artery 
has developed at the area of stenosis (arrow), associated 
with chest pam: and the eased did. changes 
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IGURE 2. Case 1. Baseline 
t) and post-ergonovine (right) 
ctrocardiogram of Case 1. oop HET: A | 

-Q waves and deeply in- {j |j |- de USES 
ed T waves in leads Vato Ve — i $ 
‘consistent with recent an- 
terior myocardial infarction. 
< Right, after ergonovine provo- 
cation, marked S-T elevation 
-with peaking of the T waves 
. develops in the precordial leads, 
consistent with acute anterior 
-wall ischemia associated with 
.86vere chest pain. 


-thë circumflex vessel. After provocation with ergonovine, the 
< patient had severe chest pain with minimal S-T changes in the 
inferolateral leads (Fig. 4). Coronary arteriography performed 
during pain demonstrated a 99 percent elongated stenosis in 
the mid right coronary artery with poor distal filling (Fig. 3B). 
During a second injection in this vessel, ventricular fibrillation 
^; developed. Nitroglycerin was immediately injected into the 
aortic root and successful electrical defibrillation performed. 
The chest pain and previous electrocardiographic changes 
resolved. Repeat right coronary arteriography demonstrated 
only partial resolution of the spasm, and intracoronary ni- 
.troglycerin was therefore given, resulting in complete relief 


of the obstruction. Subsequently, the patient has been free 


of chest pain over a 3 month follow-up period while on treat- 
ment with small dose long-acting nitrates. 


Case 3 
. This 43 year old man was in excellent health 3 months be- 
.fore admission, when he was awakened during the night by a 
. crushing substernal discomfort that radiated across the chest 
. and was associated with shortness of breath. This pain re- 
“solved slowly over 10 minutes, but recurred the next 2 nights, 
. again awakening him from sleep. He had no further episodes 
until the day of admission when he had similar chest pain 


-< while watching television. Because of this persistent pain he 


came to the emergency room. His only cardiac risk factor was 

a 20 year history of cigarette smoking. 

:.. On admission, physical examination was normal. However, 
an electrocardiogram taken revealed acute anterior myocar- 
dial infarction (S-T elevation in leads V; to V4 with poor R 
wave progression). Serial cardiac enzymes during his hospi- 

. talization were also consistent with an acute infarction (peak 
creatine kinase 1,193 units with positive MB fraction). His 

- hospital course was uncomplicated. 

During the 3 weeks after discharge, the patient had two 
further episodes of chest pain at rest, both relieved 
< Nith sublingual nitroglycerin. Cardiac catheterization was 
rformed to clarify the cause of his postmyocardial infarction 
: chest pain. The left ventricular ejection fraction was 0.62 but 
-there was hypokinesia of the anteroapical wall. Coronary ar- 
riography demonstrated mild. irregularities i in a dominant 
ight coronary. artery, 40 percent narrowing in the mid left 
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anterior descending artery, and an 80 percent narrowin ng i 
the proximal portion of its large first diagonal branch. The lef 
circumflex artery was normal (Fig. 5A). Incremental doses o 
ergonovine maleate were given (total dose 350 ug) after whic 
he had significant chest pain, but without electrocardiographi 
changes. Coronary arteriography at this time ey mod 
erate narrowing in the proximal obtuse marginal and atrio 
ventricular groove branches of the circumflex artery. With 
sublingual nitroglycerin there was no significant improvemen 
in these areas, but the chest pain resolved, Fifteen minute 
later without further ergonovine the patient had a sponta- 
neous episode of severe chest pain associated with S-T eie- 
vation in leads V4 and Vs (Fig. 6). Coronary arteriography now 
demonstrated marked narrowing in the proximal obtus 
marginal and A-V groove branches of the circumflex art. 
(Fig. 5B). After sublingual nitroglvcerin, there was comple 
relief of the chest pain and electrocardiographic changes ant 
complete resolution of the coronary spasm. Over the follos 
year, the patient has had good control of his chest pain: ; 
nitrates and nifedipine. | 


Discussion 


Prinzmetal's initial concept was that variant ài 
ceases immediately after a myocardial infarction 
chest pain subsequently developed, he and his” 
leagues attributed it to progression of atheroscler 
coronary artery disease, that is, replacement. 0 
variant form of angina by the "classic" form of ang 
A review of recent reports? !? suggests a different cot 
for variant angina after a myocardial infarction. O 
patients with variant angina who sustained a myocar 
infarction, 65 percent had chest pain after. their 
farction and 94 percent of these patients had revers 
S-T or T wave changes associated with their pos: 
farction episodes of chest pain. These findings: 
that variant angina, not the "classic" form of an 
responsible for their pain. : 

Coronary spasm as a cause of postinfaret 01 
gina: Although there has been extensive angiog api 
documentation that SORORE arterial spasm i is asso 
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FIGURE 3. Case 2. Right coronary arteriograms in left. 
anterior oblique projection. The baseline right coronary 
arteriogram (top) demonstrates a normal vessel but, after . 
ergonovine administration (bottom), several areas of 
significant narrowing develop, including a 99 percent 
obstruction of the mid portion of the right coronary artery. 
(arrow), associated with chest pain and the electrocar- 
diographic changes shown in Figure 4, right. 
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FIGURE 4. Case 2. Baseline 
(left) and post-ergonovine (right) 
electrocardiograms. Left, the 
baseline electrocardiogram re- _ 
veais T wave inversions in the 
inferior and lateral leads. Right, 
after ergonovine provocation, - 
minimai elevation develops. in 
leads lll and aVF, along with mild 
S-T depression in leads |, aVL 
Vs and Va. These minor. 
changes were associated with 
Severechestpain. — 
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FIGURE 5. Case 3. Left coronary arteriograms in left 
anterior oblique projection. Top, the baseline arteri- 
ogram demonstrates 40 percent narrowing of the 
proximal left anterior descending artery (arrow), 80 
percent narrowing of its proximal first diagonal 
branch, and a normal circumflex artery. Bottom, 
during the episode of spontaneous chest pain, marked 
narrowing develops in the proximal obtuse marginal 
and A-V groove branches of the left circumflex artery 
(broken line circle) and the proximal anterior de- 
scending artery (arrow) associated with the electro- 
cardiographic changes shown in Figure 6, right. 


FIGURE 6. Case 3. Electrocar- 
diograms taken at baseline (left) 
and during a spontaneous epi- 
sode of chest pain (B). Left, the 
baseline tracing has Q waves 
and T wave inversion in leads |, 
-aVL and V» to Vs consistent with 
anterior myocardial infarction. 
Right, with spontaneous chest 
pain, increased S-T elevation is 
present in leads V4 and Vs, 
suggestive of anterolaterai 
myocardial ischemia. 
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ol ab Me De ien. spontaneous 
in was in observed angio- 


n dar "Bulkley! recently divided early 
‘ton angina into two forms: (1) ischemia in- 
> infarct. zone—angina with electrocardio- 
phic evidence of ischemia in the infarct zone, ap- 
ntly due to impaired flow to myocardium adjacent 
r within the infarct, and (2) ischemia at a dis- 
tance—angina associated with ischemic changes in a 
myocardial region distant from the original infarction. 
Proposed mechanisms for this second form included 
compromised collateral channels—reduction of col- 
eel blood flow from the acutely occluded vessel to 
myocardium in the distributions of a second chronically 
owai coronary vessel —and generalized spasm in- 
volving multiple arteries. Our three cases suggest that 
coronary spasm can produce either of these two forms 
of angina. Patients 1 and 2 had coronary spasm docu- 
mented in the vessel associated with the infarction (e. g. 
ischemia of the infarct zone), while Patient 3 had evi- 
dence of spasm in a coronary vessel not involved in the 
distribution of the infarction (that is, ischemia at a 
distance). 

Our study i is not large enough to comment on the 
frequency óf either form of postinfarction chest pain in 
the patient with variant angina. In only 15 of the 73 
reported cases is there mention of the location of the 
ST-T wave changes associated with chest pain.? Twelve 
(80 percent) of these 15 had changes in the area of the 
infarction, and 3 (20 percent) of the 15 had changes in 
areas distant from the infarct zone. These observations 
t est that spasm more commonly involves the vessel 
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sponsiveness of ergonovine-i ited: coronary spasm too 
nitroglycerin.’ The importance of having intracoronary - 
nitroglycerin available should be emphasized. Two of. 
our patients did not respond to sublingual nitroglycerin - 
during the catheterization procedure and required in- 
tracoronary nitroglycerin for relief of coronary arterial - 
spasm and chest pain. | 

Implications: When patients with postinfarction 
angina are evaluated with cardiac catheterization, it is 
important to search for coronary arterial spasm as a. 
possible etiologic factor, especially if the angiographic 
findings do not adequately explain the patient's 
symptoms. By determining the mechanism of a pa- - 
tient's angina, more specific therapy can be prescribed 
and potentially inappropriate therapy (for example, 
beta receptor blockade) avoided. 


APPENDIX 


Ergonovine Maleate Protocol 


After right and left heart catheterization and coronary ar- 5 | 
teriography were performed, a 12 had lead electrocardiogram. = 
was recorded and electrodes were left in place. Ergonovine | 
maleate (Ergotrate®) in gradually increasing doses (50, 100 
and 200 ug) was then injected slowly at 5 minute intervals. - 
until a total dose of 350 ug was given or the patient had chest 
pain associated with new ST-T wave abnormalities. A 12 lead. 
electrocardiogram was recorded after each dose of ergonovine, ~ 
and during any episode of chest pain. Coronary arteriography — 
was repeated if chest pain or any new ST-T wave changes - 
developed. The coronary artery supplying the region of the 
heart associated with the electrocardiographic changes was 
injected first, but both coronary arteries were studied during - 
the episode of pain. After coronary arteriography, sublingual 
or, if necessary, intracoronary nitroglycerin was given. With | 
resolution of the chest pain and electrocardiogram abnor- - 
malities, repeat coronary arteriography was performed. 
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Clinical and necropsy findings are described i in thre: pat 
angina pectoris at rest, S-T segment elevation on le 
during chest pain, coronary arterial spasm on angiogr 
death. Although significant “fixed” coronary narrowing (that is, na 
due to atherosclerotic plaques) was appreciated by angiograp 
one of the three patients, necropsy disclosed in all three patient S 
fixed coronary narrowings involving particularly the artery in which spasm 
had been demonstrated during life. Additionally, examination of 
5-mm long segment of the coronary artery that had been spastic duri p. 
life (two patients) disclosed several 'ocally spastic tsat | 









described necropsy patients with Prinzmetal’s anginá had some B i xec 
coronary narrowing, underlying fixed narrowing may be difficult to identify 
angiographically as demonstrated by the three patients in this Study. 


Coronary arterial narrowing by spasm has been extensively dočúmen Let 
as a cause of myocardial ischemia.!-!? Although myocardial ischemi: : 
due to dynamic coronary narrowing may cause angina pectoris, acute | 
myocardial infarction and even sudden death, necropsy information in | 
such patients is sparse. 13-23 In this report we describe. clinical and | 
necropsy findings in three patients with angina pectoris at rest, transient - 
episodes of S-T segment elevation during chest pain, angiographica 
documented coronary arterial spasm and sudden death. suis 






















Patients Studied 


Clinical Observations 


Certain clinical and necropsy Sii in the three. patients a are 
marized in Table I and illustrated in Figures 1 to 7. Each patient had. 
chest pain at rest that, at least initially, was relieved by ni itroglycerin 
1, the pain had occurred almost daily for 6 months, each episode lasti 
2 minutes. Patient 2 had chest pain up to 10 times weekly, the epis 
lasted 5 to 15 minutes and had begun about 11 years before he died. | 
hospitalized. more than 20 times because of chest pain or syncope. 
the chest pain was usually precipitated by exercise and relieved by re S 
occurred rarely at rest. a 

The electrocardiogram at rest in all three patients was usu 
patient had S- T segment elevation documented by contin 
graphic recordings (Patients 1 and 2) or by administration ofer 
(0.2 mg) (Patients 2 and 3), but not by exercise stress testing; 
was associated with substernal nonexertional chest pain. Pz 
brady- and tachyarrhythmias. with attacks of angina at. rest 
beats/min) in Patients 2 and 3 resulted in S- T depression i 
3, pacing produced occasional ventricular premature cor 
istration of 0.2 mg of ergonovine maleate pacing produ 
S-T segment elevation and a marked increase in left ve 
pressure. All were resolved after administration of | nit 
ee aed angiograms: i in all three patie | 
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White 
Woman Man 
(6 n irs yr) 
igarette smoker dh ni 0 t (40 pack yr) +(80 pack yr) 
- Total serum cholesterol (mg/dl 146 124 297 
-interval (days) from last ee | 78 730 30 
Pressures (s/d) (mm Hg) 
1R ventricle 182/24 92/7 115/12 
E E 182/90 92/75 115/70 
0 <25 15 Ue 
CAD fixed — (spasm) 25 —> (80) 25 — (90) 50 | 
CEOs 25 <25 | 50 
cH 0 <15 30 -> (100) 
Interval (hours) death to necropsy 36 6 
Heart weight (gm) 400 400 320 
: Body weight (kg) - 64 65 76 
Frona narrowing at necropsy 
_ {% cross-sectional area) 
Moo. 0-25 0-25 51-75 ! 
TEAD o 76-85 76-100 76-100 
te 25-50 |^ 0-25 51-75 
A 76-95 51-75 76-100. ` 











-d= diastole: LAD = left anterior descending coronary artery; LC = left circumflex coronary artery; LM = left main coronary artery; R right 
coronary artery; s = systole. i 











FIGURE 1. Patient 1. à and b, premortem and. €, 
postmortem angiograms. a, coronary angiogram: 
. during pain 4 months before death showing severe: 
: reduction in diameter (arrow) of the left anterior de= 
scending artery. b , coronary angiogram after admin- 
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Patient 
No. 3 


Patient 
‘No. 1 


| Coronary angiography: Angiography disclosed no sig- 
nificant fixed. narrowing . (that is, narrowing produced by 
atherosclerotic plaques) i in Patients 1 and 2 (Fig. 1 and 4) but 
1p to 50 percent narrowing in the diameter of the left anterior 
lescending and left circumflex coronary arteries in Patient 
3 (Fig. 6). Spasm occurred spontaneously in the left anterior 
nding coronary artery in Patients 1 and 2, decreasing the 
n in each from about a 25 percent reduction in diameter 
ed lesions to about an 80 to 90 percent reduction in 
er by he superimposed. spasm. In Patient 3, spasm 
í fter administration of ergonovine maleate and 
^ ght coronary artery, increasing its reduction in 
| diameter from 30 percent (produced by a fixed lesion) 
on. The angiographically demonstrated spasm 
iree patients was associated with typical sub- 
n and S-T segment elevation. After sublingual 
he observed spontaneous or ergonovine-in- 
S-T segment elevation and coronary arterial 
ed in each patient within 10 minutes. 
2 | suddenly out of the hospital during an 
! unresponsive to nitroglycerin. 







































gi Observations 


no foci of myocardial fibrosis or necrosis was 
ardiac valves and the sizes of the four 
1 ormal. In Patients 1 and 3, the four 


En 
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arteri ies were ? excised i intact from a 






FIGURE 3. Patients 1 and 3. Number and percent of - 
5 mm segments of the right, left main, left anterior 
descending and left circumflex coronary arteries 
narrowed to various degrees in cross-sectional area 
(XSA) by atherosclerotic plaques. 


Branch. The results of these quantitative studies in these two ~ 
patients are summarized in Figure 3. In Patient 2, five histo- 
logic sections of the coronary arteries were available for ex- > 
amination (Fig. 5). ? 
In each of the three patients at least one of the four major |. 
epicardial coronary arteries was narrowed 76 to 100 percent 
in cross-sectional area by atherosclerctic plaque-—the left 
descending artery in all three patients and the right also in 
Patients 1 and 3. In the coronary artery that was shown to > 
develop spasm by angiography during life in Patients 1 and ` 
4, histologic sections of the same artery at necropsy disclosed : 
considerable fixed narrowing as well as “spasm” in the area 
of the artery where spasm had been demonstrated during life 
(Fig. 2 and 7). Additionally, in Patient 1, angiography at ne- 
cropsy with injection of contrast material selectively i in asy 
ringe under “hand pressure" demonstrated “spasm” int 
left anterior descending coronary artery similar to that which |. 
had been observed during life. The left anterior descending - : 
coronary artery did not have an intramyocardial portion. (that ^ 
is, "tunneled" coronary artery or myocardial bridge) i in any z 
of the three patients. ET 
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FIGURE 4. Patient 2. Coronary arteriogram of the left coronary system showing mild fixed narrowing of the proximal left anterior descending artery | 


(a), marked dynamic narrowing at the same site after administration of ergonovine maleate (ERG) (arrow) (b), and relief of spasm with nitroglycerin. 
(NTG) (c). 





ied narrowing of cross-sectional area. C cand d, higher magnifications of the internal plaque aua a predominance of smooth muscle ce 
(dark). (Movat stain: a and b X38, (c) X 107, (d) X330, all reduced by 19 percent.) 





1 . Patient 2 3. ‘Coronary arteriogram of the right coronary artery icing moderate fixed narrowing (a), ergonovine maleate-induced spasm 
with complete occlusion (arrow) (b) and nitroglycerin-induced (NTG) dilation with residual fixed narrowing near the site of ergonovine-induced spasm 


tionally, only one of the three patients had significant 
fixed coronary narrowing by angiography. However, à 
surprise finding at necropsy was considerable fixed lu- 
-minal narrowing in the major coronary artery in which 
severe spasm had been demonstrated. Thus, had ne- 
_cropsy not been performed in each of these three pa- 
tients, angina pectoris and sudden death in each might 
reasonably have been attributed entirely or nearly en- 
_tirely to coronary spasm rather than to the combination 
-of both fixed and dynamic coronary narrowing. Al- 
though it is now well recognized that selective angiog- 
.raphy during life tends to underestimate the actual 
degrees of luminal narrowing because areas of severest 
narrowing are simply compared with areas of less severe 
narrowing rather than with areas without narrow- 
ing% the discrepancies observed in our patients were 
striking. In Patients 1 and 3 the maximal degree of fixed 
narrowing in the left anterior descending coronary ar- 
tery on angiography was judged to be a 25 percent re- 
duction in diameter, but at necropsy, the cross-sectional 
area narrowing was 76 to 95 percent. In all three patients 
the lumen of the right coronary artery was judged on 
angiography to be narrowed by 25 percent or less in 
diameter, but at necropsy the cross-sectional area nar- 
rowing was 76 to 95 percent in Patients 1 and 2 and 51 
to 75 percent in Patient 3. The coronary arteries in 
-Patients 1 and 3 were devoid of calcific deposits and 
consequently it is likely that the arteries were more 
distensible in life because the intraluminal pressure at 
opsy obviously was zero. Nevertheless, the angio- 
enia i lia Gu panos in degrees of luminal 
wir 









arly rin the artery where spasm had been deni- 
nt were pen in each Mio ien In Fanent 1, 















| cher n a necropsy was a comunatión of 
1a esrowing edis atherosclerotic PUE plus 


and Sealey did not have an 
M exertion. during life or S- 


and left ventricular myocardium in patients in whom 
angina pectoris at rest with S-T-segment elevation had 
been documented during life. We found data on only 13 
patients,!?-?? but detailed necropsy information on the 
amount of coronary narrowing was limited in all of 
them. In one of the original patients described by 
Prinzmetal et al.,!? *. .. both major coronary arteries 
were... markedly sclerotic...” and the “. . . posterior 
coronary artery" was 80 percent narrowed. Subse- 
quently, at least 12 additional patients have been 
studied at necropsy and reported on.!*-7? All 13 (in- 
cluding the patient of Prinzmetal et al.!^) had transient 
S-T segment elevation during angina at rest and 6 also 
had crescendo type angina. Of the 10 with coronary 
angiograms,!°!7-23 nondrug-induced transient reduc- 
tion in diameter (spasm) was documented in 5172123 (1 
of whom may have had catheter-induced spasm). Of the 
13 patients, 3 died after aortocoronary bypass opera- 
tions! ^?42?; of the other 10 patients, 6 died suddenly out 
of the hospital! 4-16.182021, died of chronic congestive 
heart failure,!? 2 died shortly after cardiac catheter- 
ization procedures!?-2? and 1 died of complications of 
acute myocardial infarction. In at least 9 of the 13 
patients!?.14.16-1520,2223 significant fixed narrowing also 
appeared to be present at necropsy in at least one of the 
four major epicardial coronary arteries. Additionally, 
6 of the 13 patients!?-!6.29.2L23 had one or more foci of. 
left ventricular scarring. Thus, most (at least 9 of 13) 
previously described patients with clinical evidence 
(S- T segment elevation on electrocardiography during 
angina at rest) of coronary spasm had significant fixed 
coronary narrowing by atherosclerotic plaques and most 
(9 of 12) had some left ventricular myocardial damage 
(either necrosis!*?^?3 or fibrosis,!9.15.16.20.23. oy 
both?!). 

Necropsy evidence of coronary spasm: In addition. 
to its demonstration at necropsy in two of our three- 
patients with Prinzmetal's angina, coronary '"spasm"- 
was demonstrated at necropsy in a 25 year old man re- 
ported on by El-Maraghi and Sealey.?9 In contrast to. 


our three patients and to the 13 with Prinzmetal's an- 





gina just described, the patient. described by El- ‘Maraghi. 5 


angir a either at rest. OF on 
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"SUDDEN DEATH IN PRINZMETAL'S ANGINA—ROBERTS ET AL. - 


during the period of documented acute myocardial in- just as the contracted state of the cardiac ventricles 
farction. Nevertheless, this patient had evidence of persists after death.?7 The other unique feature of the - 
spasm in both the left anterior descending and right ^ case reported by El-Maraghi and Sealey is the absence 
coronary arteries on postmortem coronary angiography of atherosclerotic plaques or other fixed lesions in the 
and “contraction rings" in the right coronary artery epicardial coronary arteries of their patient. Thus, - 
when it was opened longitudinally at necropsy. Thus, _ coronary spasm without associated fixed narrowings on > 
it would appear from this described patient? and from | | rare occasion can produce acute myocardial infarction 
the coronary findings at necropsy in two of our patients J and, as reported by others, 8,9,14-16,18,20,21 sudden cardiac 
that spasm in a coronary artery may persist after dea ith, 4 arrest. 


FIGURE 7. Patient 3. Photomicrographs of cross sections of each of the 5 mm sections of the right coronary artery showing diffuse moderate to 
severe narrowing of cross-sectional area in most segments. The sites of severest narrowing (5 and 6) correspond to the sites of ergonovine-induced 
spasm and they were taken at the same magnification as were all the other photomicrographs. (Movat X25, all reduced by 34 percent.) 
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nifedipine i in reati ng s stable. and Main angina 
f the Prinzmetal or classic variety.!-9 Its mechanism 
is variously postulated to bea decrease in calcium- 
endent coronary muscle tone,? reduction in peripheral 
afterload,*8 or alteration of the calcium-mediated myocardial 
ontraction process leading to reduced oxygen requirements? 
Ne reasoned that any or all of these potential mechanisms 
could also be beneficial in treating patients who have small 
vessel disease of the heart. We therefore used nifedipine to 
treat such a patient in whom severe angina pectoris was re- 
ractory to standard medical therapy. 
Case report: The patient, a 59 year old white man, had a 
17 year history of classic, exertionally and emotionally induced 
| angina pectoris that occurred occasionally at rest and was 
relieved by nitroglycerin within several minutes. He had had 
. two well documented myocardial infarctions, one of which was 
^ a complication of a previous cardiac catheterization. Nu- 
~ merous treadmill stress tests were positive with the develop- 
ment of typical chest pain and 1 mm of flat S-T segment de- 
. pression i in the inferolateral leads. Similar changes were seen 
. inelectrocardiograms obtained during pain occurring at rest. 
- Three cardiac catheterizations with coronary arteriography 
:had demonstrated normal epicardial coronary arteries. Results 
_ Of provocative testing with 0.4 mg of ergonovine maleate in 
^ incremental doses were negative. Atrial pacing and infusion 
of Isuprel® precipitated the chest pain and resulted in an el- 
; . evated pulmonary wedge pressure and lactate production. A 
5: transvenous right ventricular endomyocardial biopsy revealed 
marked thickening of the subendothelial lamina of small- and 
medium-sized intramyocardial arterioles and diminished 
myocyte glycogen. 
patient's angina had beñ. fairly well controlled with 
te and beta adrenoceptor blocking therapy until the past 
"when increasing frequency. and severity of chest pain 
essitated gradual increases in dosage of medications. 
E Further i increases were eventually limited by the development 











































^ *The opinions or assertions dontdingd herena are sihe pri- 
vate views of the authors and are not to be construed as of- 
ficial or as reflecting the views of the Department of the Army 
or the Department of Defense. 


heart failure e dinde d it use od of digoxin, È How aver, he c 
to suffer three to five episodes of. angi na daily wit 
activity. As a last resort, after: receiving. informed co 
treated him with Do 10 mg, 1 three t times s daily: 















in Seta P He iursently | is having pes 
episodes of angina monthly on a regimen of 20 m 
pine every 8 hours and has had no adverse ef ec 
he has been taking the drug for 5 months. - : 

Our experience suggests that nifedipine c can be | 
used in treating patients with small vessel disease of th 
and offers another alternative for patients with this enti : 
are refractory to the conventional forms of therapy. | 


Terry B. Tri, MD, LTG, MCO DM 
Herman L. Price, MD, COL, MC, FAC 
Samuel M. Sobol, MD, COL; MC, r À 
Cardiology Service ^. 
Department of Medicine - : 
Letterman Army Medical Center : 
Presidio. of San Francisco, ui 
California 
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Xylocaine. brand. of jidocaine aci is contraindicated in patients with a 
known history of hypersensitivity to local anesthetics of the amide type. 
Xylocaine brand of lidocains HCI Should not be used in patients with 
STOKES-ADAMS. syndrome, Wolff-Parkinson-White syndrome, or with 
severe degrees of sinoatrial atrioventricular, or intraventricular block. 
WARNINGS 

Constant monitoring with an electrocardiograph is essential to the 
proper administration of Xyiocaine brand of lidocaine HCI intravenously. 
Signs of excessive depression of cardiac conductivity, such as prolon- 
gation of PR interval amd ORS complex and the appearance or 
aggravation of arrhythmias, should be intlowed by promot cessation of 
the intravenous infusion of ‘his agent. Itis mandatory to have emergency 
resuscitative equipment and drugs immediately available to manage 
possible adverse reactions involving cardiovascular, respiratory, or 
central nervous systems. 


Occasional acceleration of ventricular rate may dosur when Xylocaine 
brand.of lidocaine HCl is administered to patients with atrial fibrillation. 
Evidence for proper usage in children is limited. 


Usage in Pregnancy: it is not known whether Xyfacaine brand of lidocaine 
HCI may have adverse effects upon fetal development. The benefits of the 
drug to the mother should be weighed against the possible risk to the 
fetus. .- 

PRECAUTIONS 

Caution should be emploved in the repeated use of Xylocaine brand of 
lidocaine HCI in patients. with severe liver or Kidney disease because 
accumulation may occur and lead to toxic phenomena, since Xylocaine 
brand of iidocaine HCbLis metabolized mainly in the liver and excreted by 
the kidneys. The drug shauid also be used with caution in patients with 
hypovolemia and sheck, asd in all forms of heart block (see CONTRAIN- 
DICATIONS and WARNINGS). 


in patients with sinus bradycardia. or incomplete heart block, the 
administration of Xylecaing brand of lidocaine HCl intravenously or the 
elimination of ventricular ectopic. beats without prior acceleration. in 
heart rate (e.g.. by isoproterenol or by electric pacing) may promote 
more frequent and serious ventricular arrhythmias or complete heart 
block (see CONTRAINDICATIONS). 
ADVERSE REACTIONS 
Systemic reactions of the following types have been reported: 
1) Central Nervous System: 
Light-headedness; drowsiness, dizziness; apprehension: euphoria: 
tinnitus; blurred vister or double vision; vomiting: sensations of heat, 
cold or numbness; twiiching: tremors: convulsions, unconsciousness; 
respiratory depression and arrest. 


2) Cardiovascular System: 

Hypotension, cardiovascular collapse; and bradycardia which may 
lead to cardiac arrest. 

3) Allergic reactions may occur but are infrequent. There have been no 
reports of cross-seasitivity between Xylocaine brand cf lidocaine HC! 
and procainamide er between Xylocaine brand of lidocaine HCI and 
quinidine. 

MANAGEMENT OF ADVERSE REACTIONS 


1} In the case of severe reaction, discontinue the use of Xylocaine brand — | 


of jidocaine HCL 

2} institute emergency resuscitative procedures and administer the 
emergency drugs necessary to manage the severe reaction. For 
severe convulsions, small increments of diazepam or an ultrashort 
acting barbiturate (thiopental or thianndal) or if those are not 
available, a short-acting barbiturate (pentobarbital or secobarbital). 
or if the patient is. under anesthesia, a short-acting muscle relaxant 
(succinylcholine) may be given intravenously. Muscle relaxants and 
intravenous medications should only be used by those familiar with. 
their use. Patency c! the airway and adequacy of ventilation must be 
assured. 


3) Should circulatory depression occur, vasopressors, such as ephe- 
drine, or metaraminol may be used. 

HOW SUPPLIED 

For direct injection Xylocaine brand of lidocaine HC) without preserva- . 

tives is supplied in 5 mi. 100 mg ampules and in 5 ml, 100 mg prefilled 

syringes. 

For preparing intravenous infusion solutions, Xylocaine brand cf lido- 

caine HC! without secum chloride or preservatives is supplied in one and. 

two gram additive syringes and in one and two gram single use viais. 

Each vial is packec with a pre-sterilized transfer unit manufactured by 

the West Company 
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Iultiple bolus injections 

Xf Xylocaine (lidocaine HCI) 

»olution in the first 16 
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ay control refractory 
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Time following the start of first injection (min) 


'lasma concentration-time data (mean + standard error of the mean 
SEM ) observed after administration of a total of 225 mg of lidocaine in 
ivided bolus doses every 5 minutes over a 16-minute period. Cp = 
lasma concentration; n = number of plasma determinations at 50 and 
0 minutes; figures in parentheses = number of plasma determinations 
t the times indicated.' 


n patients with acute myocardial infarction, 
erious ventricular extrasystoles sometimes 
'ontinue to occur even after an initial bolus dose 
£75 mg lidocaine and concomitant 2 mg/min 
idocaine infusion. Multiple bolus injections of 
'0 mg lidocaine — every 5 minutes if necessary 
oa total of 225 mg lidocaine — have been 
hown to be a safe way to provide effective, non- 
oxic blood levels of lidocaine in these patients.! 
n 23 patients given divided doses of 75, 50, 
50, and 50 mg lidocaine by bolus injection at 
»-minute intervals over a 16-minute period, no 
lasma concentration greater than 4.8 ug/ml 
vas observed. Plasma concentrations stayed 
vell within the accepted therapeutic range dur- 
g virtually all of this period.! 


When your protocol calls for 
multiple bolus injections 

of lidocaine, choose the 
Xylocaine IV Bolus 100 mg 
Syringe. 


The locked needle guard ensures sterility, and 
indicates the needle has not been exposed. The 
calibrated barrel has clear markings for 100 mg 
and 50 mg doses, simplifying administration. 
And the finger grips make it easy to administer 
slowly a controlled I.V. bolus injection. Remem- 
ber that NO MORE THAN 200 TO 300 MG 
OF LIDOCAINE HCl SHOULD BE 
ADMINISTERED DURING A ONE-HOUR 
PERIOD. 


Xylocaine 
(lidocaine HCI) Solution 


The most complete system for 
ventricular arrhythmias 
Astra Pharmaceutical Products, Inc. 


AN T PA Worcester, Massachusetts 01606 


Please see next page for a summary of prescribing information. 


REFERENCE: 1. Wyman, MG, et al: Multiple bolus technique for lidocaine 
mind during the first hours of an acute myocardial infarction. Am7 Cardiol 
41: 313-317, 1978. 











DOPSCAN 


With Color Spectrum and Spec-Trac™ 


DOPSCAN ~~ 1050 


A full capability, continuous wave Doppler, 
noninvasive, ultrasonic cerebral vascular 
and peripheral vascular system. 


Model DS1050 DOPSCAN" is an arterial scanning 
system that excels in localizing carotid artery stenosis 
tor detection of potential stroke conditions. It also 
detects blood flow lesions in the peripheral vascular bed. 


Doppler flow velocity signals are detected and the 
spectrum is displayed in color and in real time. 
A flow map is also displayed on the same screen and is 
color coded to emphasize regions with flow anomalies. 


A.comprehensive Spec-Trac™ flow velocity analysis 
may be obtained to show flow characteristics along 
the entire vessel. 


High spectral bandwidth allows an accurate diagnosis 
of tight stenosis and a h gh frequency boost helps 
differentiate between very tight stenosis and total occlusion. 
Arterial and venous flow velocities are separated 
and both are displayed simultaneously. 


Viewing the color spectral display, and simultaneously 
listening to the Doppler signals, permit physicians to 
more effectively interpret and diagnose parameters 

relating to blood flow velocity, flow turbulence, 
peripheral resistance and degree of vesse! narrowing. 
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CARDIOLOGIST WANTED, with training in invasive and 
noninvasive procedures, Great Lakes Region. Attractive 
salary with potential partnership in two years. Please send 
curriculum vitae and names of references to: Box 215, The 
American Journal of Cardiology, 666 Fifth Ave., New York, 
N.Y. 10103. 


CARDIOLOGIST — Board eligible or certified cardiologist 
for association with four-member cardiology section within 
90 member multispecialty group practice on Gulf Coast. All 
invasive, noninvasive diagnostic and therapeutic modalities 
available with active cardiovascular surgery program. The 
new associate should have university training or, ideally, an 
academic background or prior practice experience; also, 
have invasive and noninvasive capabilities, experience or 
interests in coronary angioplasty and asset. Must also have 
or be eligible for a Florida license. Write with C.V. to Chief, 
Cardiology Section, The Medical Center Clinic, Pensacola, 
FL 32504. 



















CARDIOLOGY FELLOWSHIP— 3rd Year Invasive Cardiology Fel- 
lowship in very active Cardiac and Cardiac Surgery Program. 
Openings available for 1 Fellow for January 1, 1983 and 1 for July 
1, 1983. Salary $25,870 plus full benefits. Contact St. John Hospital, 
Department of Health Education, 22101 Moross Road, Detroit, MI 
48236 (313) 343-3875. 













"Board Certified or Board Eligible Cardiologist”, at Assistant 
or Associate Professor level, to join young division of Cardiology. 
Please contact J. Douglas, M.D., Assoc. Chief of Cardiology, 
Quillen-Dishner College of Medicine, Johnson City, Tennessee 
37614. East Tennessee State University is an affirmative action 
equa! opportunity employer. 
















CARDIOLOGY 





DIRECTOR 
CARDIOLOGY 
DIVISION 













Albert Einstein Medical Center, Northern Division, a 619-bed 
major affiliate of Temple University School of Medicine, is 
seeking a Director for the Cardiology Division of the Department 
of Medicine to begin July 1, 1983. The Division is responsible 
for a large fellowship program and a full scope of clinical ac- 
tivities, including intra-coronary thrombolysis, PTCA, cardiac 
rehabilitation, etc. An active cardiac thoracic surgical program 
is present. Candidates should be certified in cardiology and eli- 
gible for appointment as full professor at Temple University 
School of Medicine. Experience in program development and 
administration, teaching and research are important prerequi- 
sites. Please send curriculum vitae to: Michael Lippmann, M.D., 
Head, Pulmonary Division, ALBERT EINSTEIN MEDICAL CEN- 
TER, NORTHERN DIVISION, York & Tabor Roads, Phila., PA 
19141. Equal Opportunity Employer. 





















RATES: 


$75 per column inch 


Minimum one column 
inch (3%" x 1") 


DEADLINE: 


1st of month preceding 
publication date. 
Typesetting requires 
additional week. 


FREQUENCY: 


Monthly 


CONTACT: 


Margie Hisen 


YORKE MEDICAL GROUP 


666 Fifth Avenue 
New York, NY 10103 
212-489-5768 


Evaluate heart valve abnormalities safely a 
effectively with noninvasive Cardiac Dopple 


® ğ 


CARDIAC DOPPLEF 


The Sonacolor CD system uses real time spectral display of 
continuous wave Doppler ultrasound signals to provide high 
quality diagnostic information on blood flow through all four he 
valves. Doppler flow velocity signals are detected the 
spectrum is displayed in color and in real imi 


This simple, noninvasive system evaluates the amount ot leakai 
through incompetent valves and provides an estimation of 
pressure drop in stenotic valves. In addition, it has the potential 

evaluating blood flow velocity through coronary grafts and shur 


Each valve has a different characteristic pattern that can be eas 
recognized and varying degrees of abnormalities are readily 
identified 


Also displayed is an ECG trace for time reference and a 
phonocardiograph trace for correlation of heart sounds with t 
Doppler flow velocity patterns. Measurement cursors can be 
positioned at various points to quantitate useful heart and valv 
performance indices 


CAROLINA MEDICA 
— ELECTRONICS, INC 


P.O. BOX 307. KING. N.C. 27021 USA. TELEPHONE (919) 983-5 


CUTIS * THE AMERICAN JOURNAL 
OF CARDIOLOGY ¢ THE AMERICAN 
JOURNAL OF MEDICINE € THE AMER- 
ICAN JOURNAL OF SURGERY 


Technical Publishing 


| HH: a company of 
The Dün & Bradstreet Corporation 





Developed by Ronald E. Hileman., Ph.D. and Merrill P. Spencer, M.D 
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ARRHYTHMIAS 





Cardiovascular 


well-being 
often begins 





with 


Inderal’ 


(PROPRANOLOL HCI) 





No agent offers a better risk/ 
benefit profile in arrhythmias 
than INDERAL (propranolol HCI). 
INDERAL works to reduce heart 

* rate and contractility, lengthen 
* % A-V conduction time, and sup- 

y press automaticity’ —helping to 
restore the heart rate to normal 
in many patients with a wide 
variety of arrhythmias. 
Consider INDERAL for 

arrhythmias early—to restore 
cardiovascular well-being as 
soon as possible. 


Reference: 1. AMA Department of Drugs: AMA Drug Evaluations, 
ed. 4. Littleton, Mass. , Publishing Sciences Group, Ine., 1980, p. 520. 
Please see Brief Summary of Prescribing Information 
on the following page. 

















E (PROPRANOLOL HC) 


The sooner, the better. 
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Wr. ! 
3RIEF SUMMARY 
d PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 
deral* BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 


-.— BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
, - SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 
_ ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THÉ PHARMACOLOGY OF 














> 








veing controlled, patients should be maintained on combined therapy and the patient closely 


owed until threat of cardiac failure is over. 


i IN PATIENTS WITH ANGINA PECTORIS, here have been reports of exacerbation of 
"MES and, in some cases, myocardial infarction, EQ abrupt discontinuation of 

— INDERAL therapy. Therefore, when discontinuance of IND 

___ Should be gradually reduced and the patient carefully monitored. In addition, when 

ib _ INDERAL is prescribed for angina pectoris, the patient should be cautioned against 

- interruption or cessation of therapy without the physician's advice. If INDERAL therapy 

"m eripe and exacerbation of angine occurs, it usually is advisable to reinstitute 





RAL is planned the dosage 


-INDERAL therapy and take other measurss appropriate for the management of unsta- 
ble angina p Since coronary artery disease may be unrecognized, it may be 
"4 en to follow the above advice in patients considered a: risk of having occult 
. atherosclerotic heart disease, who are given propranolol for other indications. 





lor aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
r inuing hy b rei or complications and give a false impression of improvement. 








ATI 
in which, after propranolol, the tachycerdia was replaced by a severe bradycardia re- 

g a demand dines In one case this resulted after an initial dose of 5 mg propranolol. 
PATIENTS DURING ANESTHESIA with agents that require catecholamine release for main- 
enance of adequate cardiac function, beta blockade will impair the desired inotropic effect. 
ete: deste shouid be titrated carefully when administered for arrhythmias occurring 

ring anesthesia. 
k IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
teart tc respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
NDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and phy- 
lologic effects are gone according to availabe evidence. However, in case of emergency sur- 
v err INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be re- 
ersed by administration of such agents, e.g., isoproterenol or levarterenol. However, such pa- 
ients may be subject to protracted severe hypotension. Difficulty in restarting and maintaining 
he heart beat has also been reported. 

'IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
IMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
on produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
roang activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
1 mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
ipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
ablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
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possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum rec- 
ommended human dose. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed if INDERAL is administered. The added catecholamine blocking action of 
this drug may then produce an excessive reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resulting in vertigo, syncopa! attacks, or orthostatic hypotension. t 

As with any new drug given over prolonged periods, laboratory parameters should beob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart failure; intensification 
of AV block; hypotension; paresthesia of hands; arterial insufficiency, usually of the Raynaud 
tyoe; thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
anc place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory; bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, se- 
rous membranes and conjunctivae reported for a beta blocker (practolol) have not been con- 
clusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate deh P abe 
DOSAGE AND ADMINISTRATION: The dosage range for INDERAL rent for each 
indication. 

ORAL 

ARRHYTHMIAS— 10-30 mg three or faur times daily, before meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg three or four times daily, before meals 
and at bedtime. 

PHEOCHROMOCYTOMA —Preoperatively — 60 mg daily in divided doses for three days prior 
to surgery, concomitantly with an alpha-adrenergic blocking agent —Management of inopera- 
ble iumor — 30 mg daily in divided doses. 

PEDIATRIC DOSAGE At this time the data on the use of the drug in this age group are too lim- 
ited to permit adequate directions for use. 

INTRAVENOUS Intravenous administration is reserved for life-threatening arrhythmias or 
those occurring under anesthesia. The usual dose is from 1 to 3 mg administered under careful 
monitoring, e.g. electrocardiographic, central venous pressure. The rate of administration 
should not exceed 1 mg (1 ml) per minute to diminish the possibility of lowering blood pressure 
and causing cardiac standstill. Sufficient time should be allowed for the drug to reach the site of 
action even when a slow circulation is present. If necessary, a second dose may be given after 
two minutes. Thereafter, additional drug should not be given in less than four hours. Additional 
INDERAL should not be given wnen the desired alteration in rate and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 

The intravenous administration cf INDERAL has not been evaluated adequately in the man- 
agement of hypertensive emergencies. 

OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT OF OVERDOSAGE OR 
EXAGGERATED RESPONSE. THE FOLLOWING MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg). IF THERE IS NO RESPONSE TO 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE— DIGITALIZATION AND DIURETICS. 

HYPOTENSION— VASOPRESSORS, e.g LEVARTERENOL OR EPINEPHRINE (THERE IS EVI- 
DENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 

BRONCHOSPASM —ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 

HOW SUPPLIED: INDERAL (propranolc! hydrochloride) 

TABLETS: No. 461 —Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles 
of 100 and 1,000. Also in unit dose package of 100. No. 462 — Each scored tablet contains 

20 mg of propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 
100. No. 464— Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100. No. 468 — Each scored tablet contains 80 mg 
of propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 100. 


INJECTABLE: No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injec- 
tion. The pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
EEE ENN 

New York, N. Y. 10017 
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from laxative habit;-Colace gently 

helps soften stools:for:easy, painless, 

unstrained elimination. It's the great 

laxative:escape, from infancy to olt 
SE AAS, MER S cage: Available. in 100 and. 50 mg. Cap- 
no M S ONE OUTRE 3 süles: Syrup or tiquid. 
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For ventricular arrhythmias. 
For atria! arrhythmias. 


For smooth, trouble-free conversion. 


For steady maintenance. 


rj Greater Gl tolerance 
than with quinidine sulfate 
go Full quinidine cardiodynamics 
© Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
lects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams anc Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidin 
polygalacturonate) are irdicated in the treatment of: premature atrii 
and ventricular contractions; paroxysmal atrial tachycardia; paroxyt 
mal AV junctional rhythm; atrial flutter; paroxysma! atrial fibrillation 
established atrial fibrillation when therapy is appropriate; paroxysm; 
ventricular tachycardia when not associated with complete hear 
block; maintenance therapy after electrical conversion of atrial fibri 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses an 
abnormal rhythms due tc escape mechanisms should no! be treate 
with quinidine. WARNING: In the treatment of atrial flutter reversic 
to sinus rhythm may be preceded by a progressive reduction in th 
degree of AV block to a 1:1 ratio and resulting extremely rapid ver 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidir 
polygalacturonate 275 mg.) is equivalent in quinidine content to 
grains quinidine sulfate, DOSAGE AND ADMINISTRATION: Dosag 
must be adjusted to individual needs, both for conversion and mait 
tenance. An initial dose cf 1 to 3 tablets may be used to terminai 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythi 
is not restored after 3 or 4 equa! doses, the dose may be increase 
by Ve to 1 tablet (137.5 te 275 mg.) and administered three to fol 
times before any further dosage increase, For maintenance, or 
tablet may be used two to three times a day; generally one tabi 
morning and night will be adequate. SUPPLIED: Uncoated, score 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY] NORWALK, CT 06856 C8207 2114 
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ADDRESS MANUSCRIPTS TO: © 

William C. Roberts, MD, Editor-in-Chief 

THE AMERICAN JOURNAL OF CARDIOLOGY 
6935 Arlington Road, Suite 406 

Bethesda, Maryland 208 14 . 
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When n more than a thiazide i is needed... 


Ts TABLETS 500 mg, 250 mg, and 125 mg 


METHYLDOPA| MSI 


an agent well matched to the yofil 


With increasing age... 
incidence of certain 
concurrent disorders increases 


ALDOMET may be used in a 
wide range of older hyperten- 
sives, including those with: 


* ventricular hypertrophy/ 
cardiac failure* 

* peripheral vascular disease 

* diabetes mellitus 

* hyperuricemia/gouty arthritis 








judicious exercise 
may be desirable 


ALDOMET usually does not 
interfere with the cardiovascular 
response to exercise. 


renal function often 
diminished 


ALDOMET usually does not 
reduce glomerular filtration 
rate, renal blood flow, or 
filtration fraction.' 


compliance often a problem 


ALDOMET provides b.i.d. 
dosage convenience for 
many patients. 


*Edema (and weight gain) may occur and may usually 
be relieved by use of a diuretic. Discontinue methyldopa 
if edema progresses or signs of heart failure appear. 
tMethyldopa is largely excreted by the kidney, and patients 
with impaired renal function may respond to smaller doses. 


Copyright ©1981 by Merck & Co., Inc. All rights reserved. 


of a wide range of older hypertensives 


ability to autoregulate cere- 
bral blood flow with postural 
changes often decreased 


cardiac output and heart rate 
usually normal 


total peripheral resistance 
usually high 


ongoing therapy usually 
required 


plasma renin activity usually 
low but may be normal or high 


ALDOMET is contraindicated in active hepatic rences of hemolytic anemia or liver disorders 
isease, hypersensitivity to the drug, or if pre- could lead to potentially fatal complications 
lous methyldopa therapy has been associated unless properly recognized and managed. 
ith liver disorders. Syncope in older patients may be related to an 

tis important to recognize that a positive Coombs increased sensitivity and advanced arterioscle- 

est, hemolytic anemia, and liver disorders may rotic vascular disease. This may be avoided 
3ccur with methyldopa therapy. The rare occur- by lower doses. 


For a Brief Summary of Prescribing Information, please see following page. 
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 ALDOMET® (MethyldopalMSD) 


Tablets, containing 125, 250, or 500 mg methyldopa; Oral Suspension, containing 250 mg 
methyldopa per 5 mi and alcohol 1%. 


Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis; if 
previous methyldopa therapy has been associated with liver disorders (see Warnings); hypersensi- 
tivity. 
Warnings: It is important to recognize thata n" Coombs test, hemolytic anemia, 
and liver disorders may occur with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to potentially fatal complications 
unless properly recognized and managed. Read this section carefully to understand 
these reactions. With prolonged methyldopa therapy, 1096 to 20% of patients develop a positive 
direct Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily dosage 
of 1 gor less. This.on rare occasions may be associated with hemolytic anemia, which could lead to 
potentially fatal complications. One cannot predict which patients with a positive direct Coombs tes: 
may develop hemolytic anemia. Prior existence or development of a positive direct Coombs test is 
not in itself a contraindication to use of methyldopa. If a positive Coombs test develops during 
methyldopa therapy, determine whether hemolytic anemia exists and whether the positive Coombs 
test may be a problem. For example, in addition to a positive direct Coombs test there is less often a 
positive indirect Coombs test which may interfere with cross matching of blood. At the start of 
methyldopa therapy, it is desirable to do a blood count (hematocrit, hemoglobin, or red cell count) 
for a baseline or to establish whether there is anemia. Periodic blood counts should be done during 
therapy to detect hemolytic anemia. It may be useful to do a direct Coombs test before therapy and at 
6 and 12 months after the start of therapy. If Coombs-positive hemolytic anemia occurs, the cause 
- may be methyldopaand the drug should be discontinued. Usually the anemia remits promptly. If not, 
corticosteroids may be given and other causes of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not be reinstituted. When methyldopa causes 
Coombs aa alone or with hemolytic anemia, the red cell is usually coated with gamma 
globulin of the IgG (gamma G) class only. The positive Coombs test may not revert to normal until 
weeks to months after methyldopa is stopped. 
Should the need for transfusion arise in a patient receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct Coombs test alone will not interfere with typing 
or cross matching. If the indirect Coombs test is also positive, problems may arise in the major cross 
match and the assistance of a hematologist or transfusion expert will be needed. 
Fever has occurred within first 3 weeks of therapy, occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phosphatase, serum transaminases (SGOT, SGPT), 
bilirubin, cephalin cholesterol flocculation, prothrombin time, and bromsulphalein retention. 
Jaundice, with or without fever, may occur, with onset usually in the first 2 to 3 months of therapy. In 
some patients the findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has 
been reported. These hepatic changes uq represent hypersensilivity reactions; periodic 
determination of hepatic function should be done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If fever and abnormalities in liver function tests or 
jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the temperature and 
abnormalities in liver function characteristically have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted in such patients. Rarely, a reversible reduction 
-Of the white blood cell count with primary effect on granulocytes has been seen. Reversible 
thrombocytopenia has occurred rarely. When used with other antihypertensive drugs, potentiation 
of antihypertensive effect may occur. Patients should be followed carefully to detect side reactions or 
unusual manifestations of drug idiosyncrasy. 
Pregnancy and Nursing: Use of any drug in women who are or may become pregnant or intend to 
nurse requires that anticipated benefits be weighed against possible risks; possibility of fetal injury 
or injury to a nursing infant cannot be excluded. Methyldopa crosses the placental barrier, appears 
in cord blood, and appears in breast milk. 


Precautions: Should be used with caution in patients with history of previous liver disease or 
dysfunction (see Warnings). May interfere with measurement of: urinary uric acid by the 
hotungstate method, serum creatinine by the alkaline picrate method, and SGOT by 
colorimetric methods. Since methyldopa causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of urinary catecholamines may be reported. This 
will interfere with the diagnosis of pheochromocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheochromocytoma is subjected to surgery. 
Methyldopa is not recommended for patients with pheochromocytoma. Urine exposed to air after 
voiding may darken because of breakdown of methyldopa or its metabolites. 
Stop drug if involuntary choreoathetotic movements occur in patients with severe bilateral 
cerebrovascular disease. Patients may require reduced doses of anesthetics; hypotension occurring 
during anesthesia usually can be controlled with vasopressors. Hypertension has recurred after 
dialysis in patients on methyldopa because the drug is removed by this procedure. 


Adverse Reactions: Centra! nervous system: Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, decreased mental acuity, involuntary choreoathetotic 
movements; psychic disturbances, including nightmares and reversible mild psychoses or 
depression. Cardiovascular: Bradycardia, prolonged carotid sinus hypersensitivity, aggravation of 
angina pectoris. Orthostatic hypotension (decrease daily dosage). Edema (and weight gain) usually 
relieved by use of a diuretic. (Discontinue methyldopa if edema progresses or signs of heart failure 
appear) Gastrointestinal: Nausea, vomiting, distention, constipation, flatus, diarrhea, colitis, mild 
dryness of mouth, sore or "black" tongue, pancreatitis, sialadenitis. Hepatic: Abnormal liver 
function tests, jaundice, liver disorders. Hematologic; Positive Coombs test, hemolytic anemia. 
Bone marrow depression, leukopenia, granulocytopenia, thrombocytopenia. Positive tests for 
antinuclear antibody, LE cells, and rheumatoid factor. Allergic: Drug-related fever, lupus-like 
. syndrome, myocarditis. Dermatologic: Rash as in eczema or lichencid eruption; toxic epidermal 
necrolysis. Other: Nasal stuffiness, rise in BUN, breast enlargement, gynecomastia, lactation, 
- hyperprolactinemia, amenorrhea, impotence, decreased libido, mild arthralgia, myalgia. 
Note: initial adult dosage should be limited to 500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually between second and third months of therapy; 
increased dosage or adding a diuretic frequently restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syncope in older patients may be 5 D 
related to increased sensitivity and advanced arteriosclerotic vascular disease; M 
this may be avoided by lower doses. —— 


For moie detailed information, consult your MSD Representative or see 

Prescribing Information. Merck Sharp & Dohme, Dwision of Merck & Co., INC., 

West Point, PA 19486 HM 
J1AM40R2(716) 
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CHICAGO Y, 


Wyman Carey, 312-938-2928 
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DALLAS 
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Dick Sheehan, 713-981-4090 
B515 Fondren Road, Houston, Texas 77074 
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Its the new miniature physiological 
pressure transducer from Bell & Howell 


Outstanding accuracy and 
reliability — all in a tiny 
"capsule" 1.5 inches long, 
weighing less than 5 grams. 
What's more, Bell & Howell’s 
new ‘mini’ features a 
disposable two port Luer 
dome for fast, easy filling 
and debubbling! 

If you require a miniature 
with major performance 
characteristics equal to or 
exceeding most conventional 
size transducers, Bell & Howell 
is the one for you. The 4-427M 


BELL & HOWELI 


“oth 


ANNIVERSARY 


| 
4-427M | 


allows close patient proximity 
and eliminates long tubing 
runs... and that means 
improved frequency response 
and wave form reproduction. 
Send for a color brochure 
today. From one of the world’s 
most experienced designers 
and manufacturers of preci- 
sion medical transducers, 
domes and accessories. 


360 Sierra Madre Villa, Pasadena, California 91109 
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FROM THE EDITOR 


Blind Reviews 


Revised “Instructions to Authors” appear in this issue of 
the Journal. | urge authors to study these instructions be- 
fore the final typing of their manuscripts for submission. 
Let me call attention to one new item in these instructions, 
namely the submission of two title pages, one that includes 
the article's title plus the authors' names and institution 
from which the work originated, and the second, including 
only the article's title. The omission of the authors' names 
and institution in the second title page will allow the editor 
to send the manuscript for review without the reviewer's 
knowledge of the authors or their institution. The authors 
of course must be careful not to refer to their institution or 
to previous work (by personal pronoun) in the text. 


There has been much debate over the years about the 





advantages and disadvantages of reviewing manuscripts — 


without knowledge of the authors or their institutions. 
Reasonable arguments can be made for both sides of this 


question. Many authors believe, | think, that their papers | | 
are unfairly reviewed because of bias on the part of the © 


reviewer. Having two title pages will allow the editor the 


option of acquiring either blinded or nonblinded reviews - 
or both. | welcome requests (in the covering letter) from | 
submitting authors to have their paper reviewed in a blinded — 


or nonblinded fashion or both, and ! will try to honor that 
request. Comments on this question are welcomed. 


JUI. C. M 


William C. Roberts, MD - 


Editor-in-Chief 


Medtronic makes unipolar pacemakers 
that don’t listen when pectoral muscles talk. 





_ to be concerned, especially since 


. the patient may experience the 
symptoms which brought him to 


= in the first place. 


There is a solution: ‘Medtronic. | 


Medtronic unipolar pacemakers 


(S do not sense the electrical artifacts 


ce typically generated by normal pec- 


-toral muscle activity. Our patented 
- sensing circuit design discrimi- - 


. nates between typical muscle arti- 
> tacte and the hearts R-waves. 
. The multiprogrammable Spec- 


trax SXT is one sterling example 
. of how Medtronic design outwits 


pectoral muscles. Electrograms 
_ Show that all human musculature 
-. "sounds" practically alike, making 
_ absolute discrimination very diff- 

cult. Opening and closing pace- 
..maker band width is clearly not the 
: solution. Medtronic technology is. 
> Extensive testing of ten manu- 
.. facturers' pacemakers. demon- 
strates that Medtronic provides 
superior muscle EMI rejection’. 









Your pacemaker patient merely 
-| combs-his hair, and electrical noise | 
_. from his pectoral muscles inhibits _ 
^. pacing function. You have reason: 


The sensing curve at right demon- 


strates why. 
Spectrax listens only to the 
heart. And you. Spectrax SXT is 


Medtronic's most advanced single- 


chamber pacemaker. It gives you 
-the programming versatility you 
expect from Spectrax, with the 


added advantage of telemetry for 


:simple—and just plain useful—fol- 


lowup. All in only 45 grams. And 

you can select from one unipolar or 

two bi-polar configurations. 
Medtronic's integrated pacing 


system gives you the most versatile 
patient management. Components | 
are performance-matched for pre- - 


cise and reliable pacing therapy. 


While Spectrax SXT tunes out. 
pectoral muscle noise, you keep 


tuned into the heart through the. 


Medtronic Censys" programmer, 


your vital communications link to 


any Medtronic pacemaker- With | 
the Spectrax SXT, Censys trans- 
mits eight programmed parame- 
ters, battery status and ID. : 


numbers.. Plus intracardiac. elec- 


trograms which could alert you to 
adjust sensitivity settings. Several - 





Leading the way to man’ s heart 
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other programmable features pro- 
vide simplified, precise followup. 
And you have the easy-to-read 
ECGs and other advantages of un- 
ipolar pacing, with the assurance 
that muscle EMI will not threaten 
your patients new feeling of well 
beng Spectrax SX: T" — The worlc 
most prescribed pacemaker - 
For more information on the sensi 
` tests of other unipolar pacemaker manu- 
~ facturers and M edtrontc, phone: d 0t 
Jarse. 





The Second issue of the New Annual providing 
a multidisciplinary approach to the latest, most 
important information on the state- of-the- 

art of cardiovascular medicine and surgery 
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intricular pacing using an implantable ventricular pulse generator ‘Roberts. 
is for long-term therapeutic contro! of heart rate in patients with —Á rts Pa Heart, Mery Allen Engis, M.D of Pediatric 
impulse formation or conduction disorders leading to bradyarrhy- Lung & Blood institute/National institutes of Cardiology/Director of Pediatric Cardiology! 
hmias, tachyarrhythmias and heart block (see product labeling for Freies Gee veo, T ap egy reg ae 
jetailed list of intended uses). An atrial pulse generator is for long- University School of Medicine, ia 
rm therapeutic control of heart rate in patients with impulse forma- Washington, D.C. ! Lawrence H. Cohn, M.D. 
n disorders but with intact, functioning A-V conduction systems. Dean T. Mason, M.D., Professor of SurgeryrHarvard Medical 
irdiac pacing using an implantable A-V sequential pulse generator NOTET M m ee 
for long-term therapeutic control of heart rate in patients where Physiology, and Chief of Women's Hospital, Boston 
'estoration of A-V synchrony is indicated to improve cardiac output Cardiovascular Médicine, Uhiversty n 
to protect against arrhythmias related to sequence of cardiac Medicine and University Medical per Apart enero 300 pp. ak; 


Center, Davis and Sacramesta, California 


What is CARDIOLOGY 1982? | 


impulse propagation. 

ntraindications 

here are no known contraindications to the use of pacing as a i i 
atapeutic modality for the control of heart rate in patients with M The second in an annual series to be published in the 

normal conduction systems. In certain patients with anomalies of SPRING each year 

he conduction system (WPW syndrome and related conditions), CN 

patients may be benefited or harmed by cardiac pacing. Therefore, € ^ review of the year's newest and most important. 

eiectrophysiologic studies are required prior to therapeutic applica- developments in cardiology — 665 papers 






lion of pacing. In addition, the patient's age and medical condition Dur iie e _ m" 

may dictate the particular pacing system and implantation proce- € A multidisciplinary approach to clinical and applied «| 

Mure used by the physician. research based on an exhaustive search of the year's 

Warnings | literature | ug 

Diathermy should not be used on patients with pacemakers be- | e A unique, cohesive summary of the state-of-the-art, ' 

cause hs ane ies amaga Koe A TON DUE written, not edited, by those making outstanding ^ 

surgical units should never be used in the vicinity of unipolar pulse Bovalar ; el | 

generators or bipolar pulse generators implanted in the ünipolar developments in the field | E. 

mode because of danger of introducing fibrillatory currents into the € A practical approach to a complicated and fast-moving .. |. 
rt via the implanted pulse generator/lead. Pulse generators may subject designed to be read and used daily t 












| damaged by defibrillatory discharges if the paddies are placed 


ver the implanted pulse generator. See the specific precautions and CARDIOLOGY:1982 is NOT 


warnings in the technical manuals included with the pulse generator. , 
EE E a : € A collection of unrelated reviews 


The physician should be aware that all pulse generators will ulti- € An abstracting service 
€ A rehash of materials readily available elsewhere 





mately cease to function due to cell depletion, and may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure, Also, that the pacing system may cease to 
unction at any time due to lead-related problems such as displace- 
ent, fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be affected by 
ical interference from certain electrical equipment. 


ahenomena, including local tissue reaction, muscle 
ation, infection, erosion of pulse generator/lead 
nsvenous lead-related thrombosis, embolism and 


peed MF maie Yu order for CARDIOLOGY: 1982. buns o 
DISCOUNT OFFER derstand that each edition (published - 
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AP OTEN captopril tablets 
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ACE* INHIBITOR - 


CAP OTEN | captopril tablets) _ 


Because of its specific | Converting Actionof / 
| 2. PAME. : 'APOTEN 
action within the ur ery 

renin-angiotensin- 





v 
Angiotensin Il 


aldosterone (RAA) system, Formation Blockaded 
eee enables VOU to. 1-6 by utt 
reliably control blood aS Pia 
pressure in a diverse Reduced Vasoconstrictive Reduced Aldosterone 
; Activity Secretion 
group of hypertensive ; à 
patients. : : 
v v 
Decreased Total Reduced Sodium/Water 
Peripheral Resistance Retention 
ry : yo 
Reduced 
Blood Pressure 
For hypertensive patients: 
who experience | whose blood who have 
unacceptable pressure is concomitant conditions 
side effects with | uncontrolled by contraindicating use of 


beta blockers, standard multidrug | other antihypertensive 
antiadrenergic regimens agents 
agents, or 

vasodilators 








“Angiotensin Converting Enzyme 









A design that controls blood pressure 
Without the following usual antihypertensive 
side effects: 


> No cardiac depression > Rare impotence/loss of libido 
> No glucose intolerance — » Rare bronchospasm 

> No bradycardia > Rare tachycardia 

> No mental depression > Rare fatigue 

> No sleep disturbances 


> No nasal congestion 


> No hypokalemia 


ACE INHIBITOR 


CAPOTEN 
(captopril tablets) 


* Please see brief summary of prescribing information on the 
last page of this advertisement for INDICATIONS AND 
USAGE, WARNINGS, and ADVERSE REACTIONS. 
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J.. ACE* INHIBITOR 


CAPOTEN captopril tablets) | 


Designed to control blood pressure 
even when coexisting disorders 
complicate hypertension management 


Unlike some other antihypertensive agents, CAPOTEN is 
appropriate for use in the presence of a wide range of 
cardiovascular and metabolic disorders that often coexist with 
hypertension. 


> Bronchospastic disease 
> Cardiac arrhythmias 

> Congestive heart failure 
> Diabetes mellitus 


> Hepatic disease 


Designed to control blood pressure 

when conventional multidrug regimens have 
proven inadequate 

In scores of clinical studies, the effectiveness of CAPOTEN in 


lowering elevated blood pressure has been proven in many kinds of 
hypertension —even in those types that are most difficult to treat. 


> Essential hypertension 
> Hypertension resistant to standard triple therapy (STT) 


> Hypertension associated with low, normal, and high 
plasma renin levels 


> Renovascular hypertension 


“Angiotensin Converting Enzyme 


I 
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Designed to achieve your 
therapeutic goals in hypertension 


OC) Effective blood pressure 
control 

1 e) > Routine monitoring procedures are 
recommended because serious side 
effects (neutropenia/agranulocytosis, 

1 OC) proteinuria) have been associated with 
CAPOTEN.* 

| 210 Pat > Obtain urinary protein level estimates 


prior to initiating therapy, at monthly 
intervals for the first nine months of 
treatment, and periodically thereafter. 


> Obtain WBC counts at the initiation of 
therapy, at two-week intervals for the first 
three months of treatment, and 
periodically thereafter. 


> Carefully review the WARNINGS and 
ADVERSE REACTIONS sections in the 
complete prescribing information, with 
particular attention to the patient at 
increased risk. 





> The most frequently occurring adverse 
reactions are skin rash and taste 
alteration; both effects are generally 
mild, reversible, or self-limited. 






In hypertension... 
confidence comes with 


*Please see brief summary of prescribing information on the 
last page of this advertisement for INDICATIONS AND 
USAGE, WARNINGS, and ADVERSE REACTIONS. 





. Capoten (captopril) is a specific competitive inhibitor of angiotensin l- 


converting enzyme (ACE), the enzyme responsible for converting angiotensin | to angio- 
. tensin Il. 


re . INDICATIONS: Because serious adverse effects have been reported (see WARNINGS), 


Capoten is indicated for treatment of hypertensive patients who on multidrug regimens 
have either failed to respond satisfactorily or developed unacceptable side effects. Us- 
. ually, multidrug regimens include combinations of a diuretic, a sympathetic nervous 
J System-active agent (such as a beta-blocker) and a vasodilator. 


Capoten (captopril) is effective alone, but in the population described above, it should 


* usually be used in combination with a thiazide-type diuretic. The blood pressure lowering 
. effects of captopril and thiazides appear to be additive. 


re 


WARNINGS: Proteinuria—Total urinary proteins >1 g/day were seen in 1.2% of patients 
on captopril; the nephrotic syndrome occurred in about ‘4th of these cases. Existence 
of prior renal disease increased the likelihood of development of proteinuria. About 60% 
of affected patients had evidence of prior renal disease; the remainder had no known 


renal dysfunction. In most cases, proteinuria subsided or cleared within 6 months whether 


or not captopril was continued, but some patients had persistent proteinuria. The BUN 
and creatinine were seldom altered in the proteinuric patients. 


Membranous glomerulopathy was found in nearly all the proteinuric patients on capto- 


- pril who were biopsied and may be drug related; this is uncertain since patients were not 
- biopsied prior to treatment and membranous glomerulopathy may be associated with 
. hypertension in absence of captopril therapy. Since most cases of proteinuria occurred 
' by the 8th month of captopril therapy, patients on captopril should have urinary protein 
estimates (dip-stick on 1st morning urine, or quantitative 24-hr urine—the latter provides 
= greater precision when proteinuria is persistent and/or at low levels) before therapy, at 


. approx. monthly intervals for the 1st 9 months of therapy, and periodically thereafter. 


h 


For patients who develop proteinuria >1 g/day, or increasing proteinuria, the benefits 
and risks of continuing captopril shouid be evaluated. 


Neutropenia/Agranulocytosis—Neutropenia (<300/mm3) associated with myeloid 


hypoplasia (probably drug related) occurred in about 0.396 of captopril treated patients. 
About half of the neutropenic patients developed systemic or oral cavity infections or 
. other features of agranulocytosis. Most of the neutropenic patients had severe hyperten- 
- sion and renal function impairment; about half had systemic lupus erythematosus (SLE), 
or another autoimmune/collagen disorder; multiple concomitant drug therapy was com- 
mon, including immunosuppressive therapy in a few cases. Daily doses of captopril in 
the leukopenic patients were relatively high, particularly in view of their diminished renal 
function. The neutropenia appeared 3 to 12 weeks after starting captopril; it developed 


- relatively slowly, taking 10 to 30 days to have white blood count fall to its nadir; neutro- 


- phils returned to normal in about 2 weeks (other than 2 patients who died of sepsis). 


Use captopril with caution in patients with impaired renal function, serious auto- 


. immune disease (particularly SLE), or who are exposed to other drugs known to affect 
the white cells or immune response. In patients at particular risk (as noted above), 
perform white blood cell and differential counts prior to therapy, at about 2-week intervals 


— for about the 1st 3 months of therapy, and periodically thereafter. 


The risk of neutropenia in patients who are less seriously ill or who receive lower 


dosages appears to be smaller, and it is sufficient in these patients to have white blood 
cell counts every 2 weeks for the 1st 3 months of therapy, and periodically thereafter. 
Perform differential counts when leukocytes are —4000/mm? or the pretherapy white 
count is halved. All patients treated with captopril should be told to report any signs of 
infection (e.g., sore throat; fever); if infection is suspected, perform counts without delay. 
Since discontinuation of captopril and other drugs has generally led to prompt return 


of the white count to normal, upon confirmation of neutropenia (neutrophil count 
.— « 13000/ mm?) withdraw captopril and closely follow the patient's course. 


- Hypotension—Excessive hypotension was rarely seen in hypertensive patients but is a 


E 


possible consequence of captopril use in severely salt/volume depleted persons such as 
those treated vigorously with diuretics, e.g.. patients with severe congestive heart failure 
. (see PRECAUTIONS [Drug Interactions). 


1 PRECAUTIONS: General: /mpaired Renal Function—Some patients with renal disease, 


particularly those with severe renal artery stenosis, have. developed increases in BUN 


É and serum creatinine after reduction of blood pressure with captopril. It may be necessary 


- to reduce captopril dosage and/or discontinue diuretic. For some of these patients, nor- 
- malization of blood pressure and maintenance of adequate renal perfusion may not be 
. possible (see DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Labora- 
. tory Findings]). Surgery/Anesthesia—During major surgery or anesthesia with agents that 
. produce hypotension, captopril will block angiotensin II formation secondary to com- 


tory renin release; if hypotension occurs and is considered due to this mechanism, 
is correctable by volume expansion. 


. Drug Interactions: Hypotension: Patients on Diuretic Therapy—A precipitous reduction of 


— blood pressure may occasionally occur within the 1st 3 hours after administration of the 
_ initial captopril dose in patients on diuretics, especially those recently placed on diuretic 
. imd and those on severe dietary sait restriction or dialysis. The possibility of hypo- 


Led 


. tensive effects can be minimized by either discontinuing the diuretic or increasing the 
salt intake about 1 week prior to initiation of captopril therapy. Alternatively, provide 
. medical supervision for at least 3 hours after the initial dose. If hypotension occurs, 


- place the patient in a supine position and, if necessary, administer an I.V. infusion of 
| norma! saline. This transient hypotensive response is not a contraindication to further 
- doses which can be given without difficulty once the blood pressure has increased after 
- volume expansion. 


Agents Causing Renin Release—Captopril's effect will be augmented by antihyperten- 


. Sive agents that cause renin release. 


| 


Agents Affecting Sympathetic Activity—The sympathetic nervous system may be 


especially important in supporting blood pressure in patients receiving captopril alone or 


_ with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect 


to captopril, but the overall response is less than additive. Therefore, use agents affecting 


| ‘sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron blocking 


| 


- agents) with caution. 


Agents Increasing Serum Potassium—Since captopril decreases aldosterone pro- 


_ duction, elevation of serum potassium may occur. Give potassium-sparing diuretics or 
| potassium supplements only for documented hypokalemia, and then with caution, since 
= they may lead to a significant increase of serum potassium. If the patient has received 
- spironolactone at any time up to severa! months prior to captopril therapy, determine 
. the serum potassium frequently since the effect of spironolactone persists. 


 Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for 
acetone. 
. Carcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year studies with doses 


. of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic 


potential. 


— Animal Toxicology: Chronic oral toxicity studies were conducted in rats (2 years), dogs 


_ 47 weeks; 1 year), mice (2 years), and monkeys (1 year). Significant drug-related toxicity 
_ included effects on hematopoiesis, renal toxicity, erosion/ulceration of the stomach, and 


. variation of retinal blood vessels. Reductions in hemoglobin and/or hematocrit values 
| were seen in mice, rats, and monkeys at doses 50 to 150 times the maximum recom- 


mended human dose (MRHD). Anemia, leukopenia, thrombocytopenia, and bone marrow 


. suppression occurred in dogs at doses 8 to 30 times MRHD. The reductions in hemo- 
7 globin and hematocrit values in rats and mice were only significant at 1 year and returned 


to normal with continued dosing by the end of the study. Marked anemia was seen at 
all dose levels (8 to 30 times MRHD) in dogs, whereas moderate to marked leukopenia 


A was noted only at 15 and 30 times MRHD and thrombocytopenia at 30 times MRHD. 


. The anemia could be reversed upon discontinuation of dosing. Bone marrow suppression 
_ occurred to a varying degree, being associated only with dogs that died or were sacri- 
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drug administration. Captopril caused hyperplasia of the juxtaglomerular apparatus o 
kidneys at doses 7 to 200 times the MRHD in rats and mice, at 20 to 60 times M 
in monkeys, and at 30 times the MRHD in dogs. Gastric erosions/ulcerations wer 
creased in incidence at 20 and 200 times MRHD in male rats and at 30 and 65 times M 
in dogs and monkeys, respectively. Rabbits developed gastric and intestinal ulcers v 
given oral doses about 30 times MRHD for only 5 to 7 days. In the two-year rat study, 
versible and progressive variations in the caliber of retinal vessels (focal saccula! 
and constrictions) occurred at all dose levels (7 to 200 times MRHD) in a dose-rel 
fashion. The effect was first observed in the 88th week of dosing, with a progress 
increased incidence thereafter, even after cessation of dosing. 
Pregnancy: Category C—Captopril was embryocidal in rabbits when given in doses 2 t 
times (on a mg/kg basis) the maximum recommended human dose. The marked 
bryocidal effect in rabbits was most probably due to the particularly marked decrt 
in blood pressure caused by the drug in this species. Captopril given to pregnant ra 
400 times the recommended human dose continuously during gestation and lacte 
reduced neonatal survival. No teratogenic effects (malformations) have been seen | 
large doses of captopril in hamsters, rats, and rabbits. 

There are no adequate and well-controlled studies in pregnant women. Capt 
shculd be used during pregnancy only if the potential benefit justifies the potential 
to the fetus. 


Nursing Mothers: Concentrations of captopril in human milk are about 196 of thos 
maternal blood. The effect of low levels of captopril on the nursing infant has not t 
determined. Exercise caution when administering captopril to a nursing woman, an 
general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established althc 
there is limited experience with use of captopril in children from 2 months to 15 y 
of age with secondary hypertension and varying degrees of renal insufficiency. Dos 
on a weight basis, was comparable to that used in adults. Captopri! should be use 
children only if other measures for controlling blood pressure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving al 
4000€ patients. 

Renal—One to 2 cf 100 patients developed proteinuria (see WARNINGS). Rena 
sufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 pati 
but relationship to drug use is uncertain. 

Hematologic—Neutroperia/agranulocytosis (probably drug related) occurred in al 
0.39€ of captopril treated patients (see WARNINGS). Two of these patients develc 
sepsis and died. 

Dermatologic —Rash (usually maculopapular, rarely urticarial), often with pruritus 
sometimes with fever and eosinophilia, in about 10 of 100 patients, usually during the 
4 weeks of therapy. The rash is usually mild anc disappears within a few days of do: 
reduction, short-term treatment with an antihistaminic agent, and/or discontinuing ! 
apy; remission may occur even if captopril is continued. Pruritus, without rash, in a 
2 of 100 patients. Between 7 and 10% of patients with skin rash have shown an eos 
philia and/or positive ANA titers. A reversible associated pemphigoid-like lesion, 
photosensitivity have also been reported. Angioedema of the face, mucous membr: 
of the mouth, or of the extremities in about 1 of 100 patients—reversible on disconi 
ance of captopril therapy. One case of laryngeal edema reported. Flushing or pallc 
2 to 5 of 1000 patients. 

Cardiovascular—Hypotension in about 2 of 100 patients. See PRECAUTIONS (EL 
Interactions) for discussion of hypotension on initiation of captopril therapy. Tachycai 
chest pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocai 
infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1 
patients. 

Dvsgeusia—About 7 of 100 patients developed a diminution or loss of taste pen 
tion; taste impairment is reversible and usually self-limited even with centinued drug 
(2 to 3 months). Weight loss may be associated with the loss of taste. Gastric irrita: 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulc 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, 
paresthesias reported in about 0.5 to 2% of patients but did not appear at increz 
frequency compared to placebo or other treatments used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients althougt 
causal relationship has been established. A single case of hepatocellular injury ' 
secondary cholestasis has been reported in association with captopril use. A trans 
elevation of BUN and serum creatinine may occur, especially in volume-depleted or re 
vascular hypertensive patients. In instances of rapid reduction of longstanding or seve 
elevated blood pressure, the glomerular filtration rate may decrease transiently, | 
resulting in transient rises in serum creatinine and BUN. Small increases in serum po 
sium concentration frequently occur, especially in patients with renal impairment | 
PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion wit! 
I.V. infusion of normal saline is the treatment of choice for restoration of blood p 
sure. Captopril may be removec from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour be 
meals. Dosage must be individualized. 

Give consideration to recent antihypertensive drug therapy, extent of blood pres: 
elevation, salt restriction, and other circumstances before initiating therapy. If possi 
discontinue the patient's previous antihypertensive drug regimen for cne week be 
starting captopril. Initial dose of CAPOTEN (captopril) is 25 mg t.i.d. If satisfactory bl 
pressure reduction is not achieved after 1 or 2 weeks, dose may be increased to 50 
t.i.d. If the blood pressure has not been satisfactorily controlled after another 1 to 2 wet 
add a modest dose of a thiazide-type diuretic (e.g., hydrochlorothiazide, 25 mg da 
The diuretic dose may be increased at 1- to 2-week intervals until its highest usual e 
hypertensive dose is reached. If further blood pressure reduction is required, CAPO) 
(captopril) may be increased to 100 mg t.i.d. and then, if necessary, to 150 mg t 
(while centinuing the diuretic). The usual dose range is 25 to 150 mg t.i.d. A maxim 
daily dose of 450 mg CAPOTEN (captopril) should not be exceeded. 

For patients with accelerated or malignant hypertension, when temporary discontir 
tion of current antihypertensive therapy is not practical, or when prompt titration to m 
normotensive blood pressure levels is indicated, current antihypertensive medication ! 
be stopped and CAPOTEN (captopril) dosage promptly initiated at 25 mg t.i.d., under cl 
medical supervision. The daily dose of CAPOTEN (captopril) may be increased every 
hours until a satisfactory blood pressure response is obtained or the maximum captc 
dose is reached. In this regimen, addition of a more potent diuretic, e.g., furosem 
may also be indicated. Beta-blockers may also be used in conjunction with capto 
therapy (see PRECAUTIONS [Drug Interactions]), but the effects of the 2 drugs are | 
than additive. 

Dosage Adjustment in Renal Impairment—Because CAPOTEN (captopril) is excre 
primarily by the kidneys, excretion rates are reduced in patients with impaired renal fu 
tion. These patients will take longer to reach steady-state captopril levels and will re; 
higher steady-state captopri! levels for a given daily dose than patients with normal re 
function. Therefore, these patients may respond to smaller or less frequent doses. 
cordingly, for patients with significant renal impairment, initial daily dosage of CAPOT 
(captopril; should be reduced, and smaller increments utilized for titration, which shc 
be quite siow (1- to 2-week intervals). After desired therapeutic effect has been achiev 
dose should be slowly back-titrated to determine minimal effective dose. When c 
comitant diuretic therapy is required, a loop diuretic (e.g., furosemide), rather thai 
thiazide diuretic, is preferred in patients with severe renal impairment. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in tablets of 25, 50, and aye mg in bottles of 100, anc 
UNIMATIC® unit-dose says of 100 tablets. 
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CLINICAL STUDIES 


213 Electronic Modulation of the T Wave and Cardiac Memory 


MAURICIO B. ROSENBAUM, HORACIO H. BLANCO, MARCELO V. ELIZARI, JULIO O. LAZZARI and 
JORGE M. DAVIDENKO 


Alterations in the sequence of ventricular activation (left bundle branch block occurring spontaneously or in- 
duced by atrial or right ventricular pacing) induce two opposite changes in the order of ventricular repolarization. 
These data suggest that electronically modulated T wave changes show accumulation and memory and may per- 
sist for days or weeks after the provoking stimulus is discontinued. Such electronic modulation of ventricular 
repolarization appears to be a basic electrophysiologic mechanism that may account for several features of nor- 
mal and abnormal T waves and for the possible existence of a heart memory. The effects of T wave modulation 
on the surface electrocardiogram are mainly determined by the order and duration of the depolarization process 
and by the accumulation and memory effects. The investigators postulate that the ventricular gradient is not in- 
dependent of the activation sequence of the heart. 


223 Prediction of Sudden Death by Electrophysiologic Studies in High Risk Patients Surviving Acute 
Myocardial Infarction 


ANGAS HAMER, JITU VOHRA, DAVID HUNT and GRAEME SLOMAN 


Intracardiac electrophysiologic and 24 hour electrophysiologic ambulatory monitoring studies were performed 
in 70 survivors of myocardial infarction complicated by heart failure or arrhythmias, or both, 7 to 20 days after 
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the infarction. Twenty patients showed a positive intramyocardial response to some form of ventricular stimula- 
tion. Eight patients developed sustained ventricular tachycardia, 12 patients, self-terminating arrhythmias. Five 
of those 12 patients with sustained or self-terminating response of more than five complexes died during the 12 
month follow-up period, four suddenly. These data indicate that induced responses of more than five complexes 
in duration may be an important indicator of potentially reversible risk of sudden death after myocardial infarc- 
tion. Specific application of antiarrhythmic therapy guided by further electrophysiologic testing may benefit 
these patients with a propensity to fatal ventricular arrhythmias in the months after infarction. 


230 Coronary Collateral Vessels: Spectrum of Physiologic Capabilities With Respect to Providing Rest and 


Stress Myocardial Perfusion, Maintenance of Left Ventricular Function and Protection Against 
Infarction 


ALBERT J. KOLIBASH, CHARLES A. BUSH, RICHARD A. WEPSIC, DAVID P. SCHROEDER, 
MARC R. TETALMAN and RICHARD P. LEWIS 


Evaluation of coronary collateral circulation in 91 patients with stable coronary artery disease indicates that the 
functional significance of collateral circulation varies considerably. Although the results of this study support the 
concept that collateral vessels may be extremely important in maintaining tissue viability when total occlusion 
of a coronary vessel has occurred, certain collateral vessels may also be of little or no value. The angiographic 
presence and size of collateral vessels correlated poorly with normal resting myocardial blood flow distribution 
through these vessels. Therefore a coronary angiogram used alone is not a reliable method for assessing the sig- 
nificance of a collateral vessel. The additional use of stress and resting perfusion studies, left ventricular wall 
motion analysis and electrocardiographic evidence of infarction provides a reasonably accurate assessment of 
the physiologic role of collateral vessels in almost 90 percent of instances. 


239 Myocardial Metabolic Alterations After Contrast Angiography 


JUDITH A. WISNESKI, EDWARD W. GERTZ, RICHARD NEESE, WHAI-JEN SOO, J. DAVID BRISTOW, 
JAMES R. ADAMS and J. PIERRE BEAUDRY 


Within 5 minutes the injection of contrast medium into 16 patients with symptoms of ischemic heart disease 
undergoing elective left ventriculography decreased the arterial level of free fatty acids by 18.0 + 4.9 percent, 
increased the myocardial uptake of free fatty acid 48.5 + 33.0 percent and decreased the myocardial uptake of 
glucose and lactate —72.5 + 44.5 percent and —43.2 + 22.9 percent, respectively. These metabolic changes, 
persisting throughout the sampling period of 20 minutes after ventriculography, lasted longer than the hemody- 
namic changes caused by contrast angiography, which return to baseline values within 10 to 15 minutes after 
the injection of contrast agent. Because of these changes, myocardial metabolic data obtained after the injection 
of contrast agent must be interpreted with caution. 


246 Cardiac Effects of Prolonged and Intense Exercise Training in Patients With Coronary Artery Disease 


woes Ay Der ^ 


ALI A. EHSANI, WADE H. MARTIN Ill, GREGORY W. HEATH and EDWARD F. COYLE 


These data demonstrate that prolonged and vigorous exercise training over a period of 1 year produced favor- 
able cardiac adaptation in eight men with coronary artery disease and a mean age of 52 + 3 years. In contrast 
to a nonexercising control group of five patients, these subjects showed a 42 percent increas maximal oxy- 







gen uptake capacity, significantly lower heart rate at rest and submaximal heart r UEM pressure 
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No agent offers a better risk/ 
benefit profile in arrhythmias 
than INDERAL (propranolol HCI). 
INDERAL works to reduce heart 
rate and contractility, lengthen 
A-V conduction time, and sup- 
press automaticity —helping to 
restore the heart rate to normal 
in many patients with a wide 
variety of arrhythmias. 

Consider INDERAL for 
arrhythmias early —to restore 
cardiovascular well-being as 
soon as possible. 


Reference: l. AMA Department of Drugs: AMA Drug Evaluations, 
ed. 4. Littleton, Mass., Publishing Sciences Group, Inc., 1980, p. 520. 
Please see Brief Summary of Prescribing Information 
on the following page. 
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. BRIEF SUMMARY 
_ (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 


mma 


I° BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 


d BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
^ SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


n ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
-j THIS DRUG. 


_ CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
| during the pollen season; 3) sinus bradycardia and greater than first degree block; 4) cardio- 
^. genic shock; 5) right ventricular failure secondary to pulmonary hypertension; 6) congestive 
— heart failure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable 
f . with INDERAL; 7) in patients on adrenergic-augmenting psychotropic drugs (including MAO 

- inhibitors), and during the two week withdrawal period from such drugs. 
| WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting 
Circulatory function in congestive heart failure, and inhibition with beta-blockade always carries 
' the potential hazard of further depressing myocardial contractility and precipitating cardiac fail- 

- ure. INDERAL acts selectively without abalishing the inotropic action of digitalis on the heart 

he muscle (i.e., that of supporting the strength of myocardial contractions). In patients already 
-— receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's 
| negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 
|. conduction. 
Bs __ INPATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
Myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
| this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of im- 
| pending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the re- 
.. Sponse observed closely: a) if cardiac failure continues, despite adequate digitalization and 
= diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 

—. being controlled, patients should be maintained on combined therapy and the patient closely 
- — followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
mpna and, in some cases, myocardial infarction, following abrupt discontinuation of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 
interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management cf unsta- 
ble angina pectoris, Since coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease, who are given propranolol for other indications. 


F IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
_ not been adequately appraised. Special consideration should be given to propranolol's poten- 
. tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
. ingor continuing hy yroidism or complications and give a false impression of improvement. 
.. Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
|. of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
-.— slowly. Propranolol does not distort thyroid function tests. 

- IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
— ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 

_ quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol. 
— . INPATIENTS DURING ANESTHESIA with agents that require catecholamine release for main- 
| tenance of adequate cardiac function, beta blockade will impair the desired inotropic effect. 

__ Therefore, INDERAL should be titrated carefully when administered for arrhythmias occurring 

_ during anesthesia. 

/ _ INPATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 

.. heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 

» INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and phy- 

ry ‘siologic effects are gone according to available evidence. However, in case of emergency sur- 
gery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be re- 

_ versed by administrationiof such agents, e.g., isoproterenol or levarterenol. However, such pa- 
.. tients aroa subject to protracted severe hypotension. Difficulty in restarting and maintaining 
. the heart beat has also been reported. 

- IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
s EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
_ tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

—. DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 

. blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 

.. (pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
X in minc in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 

— cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 


è _ tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 



















possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum rec- 
ommended human dose. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed if INDERAL is administered. The added catecholamine blocking action of 
this drug may then produce an excessive reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL may produce hypotension and/or market 
bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart failure; intensification 
of AV block; hypotension; paresthesia of hands; arterial insufficiency, usually of the Raynaud 
type; thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi 
tude, weakness. fatigue; reversible mental depression progressing to catatonia; visual distur- 
Dances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place: short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
Stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, se- 
rous membranes and conjuncbvae reported for a beta blocker (practolol) have not been con- 
clusively associated with propranolol, 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DOSAGE AND ADMINISTRATION: The dosage range for INDERAL ís different for each 
indication. 
ORAL 

ARRHYTHMIAS — 10-30 mg three or four times daily, before meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg three or four times daily, before meals 
and at bedtime. 

PHEOCHROMOCYTOMA —Preoperatively —60 mg daily in divided doses for three days prio! 
tc surgery, concomitantly with an alpha-adrenergic blocking agent.—Management of inopera- 
bie tumor — 30 mg daily in divided doses. 

PEDIATRIC DOSAGE At this time the data on the us^ of the drug in this age group are too lim- 
ited to permit adequate directions for use. 

INTRAVENOUS Intravenous administration is reserved for life-threatening arrhythmias or 
those occurring under anesthesia. The usual dose is from 1to 3 mg administered under careful 
monitoring, e.g. electrocardiographic, central venous pressure. The rate of administration 
should not exceed 1 mg (1 ml) per minute to diminish the possibility of lowering blood pressure 
and causingcardiac standstill. Sufficient time should be allowed for the-drug to reach the site of 
action even when a slow circulation is present. If necessary a second dose may be given after 
two minutes. Thereafter, additional drug should not be given in less than four hours. Additional 
INDERAL should not be given when the desired alteration in rate and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 

The intravenous administration of INDERAL has not been evaluated adequately in the man- 
agement of hypertensive emergencies 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT OF OVERDOSAGE OR 
EXAGGERATED RESPONSE, THE FOLLOWING MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE TO 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS. 

HYPOTENSION— VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE (THERE IS EVI- 
DENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 

BRONCHCSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 

HOW SUPPLIED: INDERAL (propranolol hydrochloride) 

TABLETS: No. 461 —Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles 
of 100 and 1,000. Also in unit dose package of 100. No. 462 — Each scored tablet contains 

20 mg of propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 
100 No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
100'and 1,000 Also in unit dose package of 100. No. 468 — Each scored tablet contains 80 mg 
of propranololiydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 100. 
INJECTABLE: No. 3265— Each mi contains 1 mg of propranoiol hydrochloride in Water for Injec- 
tion. The pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


New York, N.Y. 10017 
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2 5 ‘Physiologic Correlates of Right Ventricular Ejection Fraction in Chronic Obstructive pulmonary 
: Disease: A Combined Radionuclide and Hemodynamic Study 


BRUCE. N. BRENT, HARVEY J. BERGER, RICHARD MATTHAY, DONALD MAHLER, LINDA PYTLIK and 
BARRY L. ZARET 


Radionuclide and hemodynamic measurements in 20 patients with chronic obstructive pulmonary disease, in- E i 
cluding 7 before and after the intravenous administration of sodium nitroprusside, demonstrate that, in addition jo 
to intrinsic contractile influences, right ventricular ejection fraction depends highly on afterload and less on pre- - zm 
load. Administration of dobutamine in two patients caused a leftward shift from the end-systolic pressure-volume vt 
line. Right ventricular ejection fraction proved a poor indicator of the slope of the systolic pressure-volume rela- — 
tion. There were poor correlations between the slope and the right ventricular ejection fraction as well as be- ue : 
tween pulmonary arterial systolic pressure and the end-systolic volume index. Although none of the 20 patients — 
had clinical evidence of left ventricular disease, 6 had a modest reduction in left ventricular ejection fractionde- . — 
spite a normal pulmonary capillary wedge pressure. This finding may represent a manifestation of ventricular in- 
teraction or clinically unrecognized left ventricular disease. 


EXPERIMENTAL STUDIES 


263 Local Effects of Electrical and Mechanical Stimulation on the 9 Recovery Properties of the Canine 
. Ventricle - 


BOAZ AVITALL, HERBERT J. LEVINE, SHAPUR NAIMI, RICHARD P. DONAHUE, STEPHEN G. PAUKER | 
and DAN ADAM 






These canine Studies demonstrate that shortening of the effective refractory period and prolonged conducth ) 
in the vicinity of the driving electrodes are a function of stimulus intensity, distance from the driving site and time 
These local alterations in the recovery properties of the ventricle provide conditions that may be favorabl 
the induction of reentrant arrhythmias. The results of this study suggest that a systematic error may have bee 
introduced. into many. published studies of refractory period that generally have examined respon 
the driving electrode with stimuli 1.5 to 3 times threshold. Caution is urged in the: interpretation of 
perimental studies that use provocative stimuli to detect vulnerability of ventricular arrhyt ^ mias, esp: 
that use Her electrodes and stimuli well above threshold. — . | i po 
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ALARM CONTROLS 


KENDALL 


Blood Pressure Monitor 





Why no other 
automatic blood pre 





ssure monitor 


measures up to Kendall. 


Introducing the Kendall 
blood pressure monitor: 
a safer, more accurate, 
more convenient 

way to measure 

blood pressure. 


The Kendall blood pressure moni- 
tor is a major advance in automatic 
blood pressure monitoring. 

Compare it to any other unit availa- 
ble today, and we believe there's only 
one conclusion you can reach: 

In terms of accuracy, safety, reli- 
ability and ease of use, the Kendall 
model 8200 monitor is demonstrably 
superior. 
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A unique dual-beaded sensor isolates signals 
produced by systolic and diastolic pressures. 





Measurements based on 
actual information. 


The Kendall monitor provides a 
new level of accuracy in automatic 
blood pressure monitoring. The reason 
—our differential sensor technique. 

Mounted in our cuff is a sophisti- 
cated dual-headed sensor. This pres- 
sure-sensitive device factors out many 
extraneous signals, and reports those 
signals directly associated with sys- 
tolic and diastolic pressures. 


ALARM MODE 


systolic r 


Off 
" o MAP 
Diastolic " g - Rate 


€ 


PRESS TO 
DISPLAY LIMITS 


" m 


Ali LLL ALARM RESET 





ALARM LIMITS 
ADJUSTMENT 


VOLUME 
Mecium 


Easy to use alarms are concealed bebind a protective panel. 


Readings are based on actual infor- 
mation—not on estimating tech- 
niques. The result is state-of-the-art 
accuracy that goes a step further than 
the standard oscillometric technique. 


A unit as reliable as it is accurate. 


In critical care situations, the relia- 
bility of a piece of equipment is an 
absolute necessity. Here are some of 
the ways the Kendall blood pressure 
monitor satisfies this objective: 

The unit automatically self- 
calibrates between readings to ac- 
count for drifts and variations in 
temperature. It has a 16-bit micro- 
computer that provides enhanced 
ability to qualify data. The monitor is 
designed to meet UL 544. 


Every safety and convenience feature 


you can think of. And then some. 


The Kendall blood pressure moni- 
tor puts patient safety first. 

The unit is programmed to deflate 
automatically in the presence of ab- 
normal motion, or if time or pressure 
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exceeds specified limits. In the auto- 
matic mode, it enforces a 15-second 
delay to allow for venous return. And 
it has a manual stop button that allows 
you to instantly interrupt the cycle. 
The unit has comprehensive visual 
and audible alarm capabilities. You 
can alarm any one or all four para- 
meters. 
Other important safety and con- 
venience features include: 
è Easy to read numerical displays. 
* Automatic time cycling. 
* A port for attaching to a manual 
sphygmomanometer. 
* Electrical isolation between sensor 
and patient. 
* A hard-copy printer option. 


There's so much more 
we'd like you to know. 


If you'll send us the coupon below, 
we'll arrange for an evaluation of the 
Kendall blood pressure monitor. 

By any measure you choose, you'll 
find that no other automatic blood 
pressure monitor measures up to it. 








_ An antihypertensive 
that works 
during stress 


Minimizes blood pressure rise... 


.. -during mental stress 
-The proportional increase in systolic and diastolic pressure 
in response to a standardized stress situation was reduced 


by treatment with metoprolol. . . ."' 
AR Lorimer, et al. Clinical Cardiology 


...during physical stress 
The blood-pressure-controlling effect of Lopressor generally 


persists even during exercise.“ 
N Clausen, et al. British Journal of Clinical Pharmacology 


...Decause consistent control is important 
“.. -the risk of arterial hypertension and its vascular com- 
plications is mainly dependent on the intensity, frequency 

and duration of the increases in blood pressure produced by 
physical and emotional stress.” 

IW Franz. American Journal of Cardiology 

Contraindicated in sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, and overt cardiac 
failure. 


Lopresso 


metoprolol tartrate 


im 
Please see next page for brief summary of prescribing information. Gei 9 d 





Lopressor 


tartrate 


Keeps the 
pressure down 
when the 
pressure is on 


References 
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2. Clausen N, Damsgaard T. Mellemgaard K. Br J 
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Lopressor* 
cem di tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications | opressor is indicated in t 
ment of hypertension. It may be used a 
combination with other antihypertensiye" 
especially thiazide-type diuretics. 


Contraindications Lopresso: is co 
sinus bradycardia, heart block gre 
degree, cardiogenic shock, and gl 
ure (see Warnings). 


Warnings Cardiac Failure: Sy 
tion is a vital component suppo 
function in congestive heart fai 
ade carries the potential hazar 
ing myocardial contractility ang 
severe failure. In hypertensive 
congestive heart failure contro 
diuretics, Lopressor should be 
tiously. Both digitalis and metof 
conduction. 


In Patients Without a History 
continued depression of the m 
beta-blocking agents over a pe 
some cases, lead to cardiac fai 
or symptom of impending cardia 
should be fully digitalized and/o 
and the response observed close 
ure continues, despite adequate dj 
diuretic, Lopressor therapy should 


Ischemic Heart Disease: Fc'lowing 
tion of therapy with certain beta-bloc! 
exacerbations of angina pectoris and, 
cases, myocardial infarction have been" 
Even in the absence of overt angina pect@ 
discontinuing therapy, Lopressor should në 
withdrawn abruptly, and patients should be € 
tioned against interruption of therapy without 
physician's advice. 

Bronch tic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 


tole dose of metoprolol should be used. It 
be prudent initially to administer meto- 
s ol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
Tie interval. (See Dosage and Administra- 
tion. 
Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its-ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g.. tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-acrenergic blockade may 
mask certain clinical Signs (2.g., tachycardia) of 
hyperthyroidism. Patieaigs pected of developing 
thyrotoxicosig.should be m na alae to 
avoid abrupt withdrawal c b lockade which 
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Usage in Children: fety nd effe | Yes i 2: 


children have not been establist AR, SEN E 


MR. 1 


Adverse Reactions Most adverse ef lave 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relatiomship is not clear. 
Cardiovascular: Shoriness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency. 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
eii. in less than 1 of 100 patients. See Warn- 
ngs. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta bloc«er practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
ported with other Deta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia: visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss. emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see 
Contraindications). 

Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 

Miscellaneous: Reversible alopecia. 

Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase. lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 


» Shouldibe individualized. The usual initial dose is 


wice daily whether used alone or added to a 
The dosage may be increased at weekly 
jer intervals until optimum blood pressure 
ton I$ achieved. In general, the maximum ef- 
2ct'of any Given dosage level will be apparent after 
one Week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mdi per day. Dosages above 450 mg per 
day have'hot Been studied. While twice-daily dos- 
ing is effe Land can maintain a reduction in 
fe throughout the day, some patients, 
n lower dosages are used, will expe- 
nce a Modest rise in blood pressure toward the 
id of thàt2-hour dosing interval. This can be 
waluatediby measuring blood pressure near the 












































~ enof the Gosing interval to determine whether 
“Satisfactory control is being maintained throughout 


© day. If Gontrc! is not adequate, a larger dose, or 
e times daily therapy may achieve better con- 
Beta, Selectivity diminishes as dosage of 





T Lope ressor i§ increased. 


WS drug sBiould be stored at controlled room tem- 
Nature ang protected from moisture. 


W Supplie d Tablets of 50 mg (capsule-shaped, 
ed, light rec, film-coated) and 100 mg 
Jsule-shaped, scored, li ign blue. film-coated) 
ppliediin bottles of 100 and 1,000 and Unit 

| Packa ges of 100. 





T CO yolled room temperature and protect 
or moistul 

p ense i f ight, light-resistant container (USP). 
| C79-22 (8/79) 
y somplete details, including description, clinical 
acol8gy and overdosage, please see full 
2scribifig information. 
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did not affect the ventricular fibrillation threshold after reperfusion following experimentally produced acute 
myocardial ischemia, although it afforded significant protection during coronary occlusion. A protective influ- 
ence of the drug was evident during sympathetic humoral stimulation with norepinephrine, and its antifibrillatory 
effect was additive to the changes elicited by the adrenergic blockade with practolol or cardiac membrane stabi- 
lization with lidocaine. 


276 Hemodynamics of Multiple Versus Single 50 Percent Coronary Arterial Stenoses 


HANI N. SABBAH and PAUL D. STEIN 


Using an in vitro pulse duplicating system, these investigators found that multiple short stenoses of mild activity 
have a greater effect on coronary flow than does a single stenosis of equal diameter and length. A single 2 mm 
long, 50 percent stenotic segment caused a 19 percent reduction of coronary flow; three such stenoses in series 
caused a 19 percent reduction of coronary flow. A single 6 mm long, 50 percent diameter stenotic segment 
caused only an 8 percent reduction of coronary flow. These results suggest that in a maximally dilated coronary 
bed, a greater reduction of coronary flow would be expected in the presence of multiple short stenoses than in 
the presence of a single stenosis of equivalent length and diameter. These observations also showed that the 
length of a stenotic segment had little effect on the magnitude of reduction of coronary flow. 


281 Comparative Effects of Nitroglycerin and Nifedipine on Myocardial Blood Flow and Contraction During 
Flow-Limiting Coronary Stenosis in the Dog 


WILLIAM S. WEINTRAUB, SATOSHI AKIZUKI, JAI B. AGARWAL, MONTY M. BODENHEIMER, 
VIDYA S. BANKA and RICHARD H. HELFANT 


During experimentally produced flow-limiting coronary stenosis in 24 open chest dogs, mildly to moderately hy- 
potensive doses of both nifedipine and nitroglycerin decreased systemic blood pressure and perfusion pressure 
distal to the fixed coronary stenosis and reduced myocardial oxygen demand to a similar degree. They had differ- 
ent effects on myocardial blood flow. Nifedipine increased flow to the nonischemic zone (significantly only in the 
subepicardium) and decreased flow in the ischemic zone of the subendocardium. In contrast, nitroglycerin de- 
creased myocardial blood flow to the subepicardium and subendocardium in both nonischemic and ischemic 
zones. Despite differences in effect on blood flow, the net effect on myocardial shortening was similar in that 
myocardial shortening was preserved, probably because of a concomitant decrease in myocardial oxygen de- 
mand. These results indicate that in the setting of coronary stenosis, different classes of vasodilators may have 
varying effects on myocardial blood flow, suggesting different sites and mechanisms of action. 


METHODS 


289 An Accurate Means of Detecting and Characterizing Abnormal Patterns of Ventricular Activation by 
Phase Image Analysis 


A rg ġ 
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ELIAS H. BOTVINICK, MICHAEL A. FRAIS, DALE W. SHOSA, JOHN W. O'CONNELL, 
JOSE A. PACHECO-ALVAREZ, MELVIN SCHEINMAN, ROBERT S. HATTNER, FREDERICK MORADY and 
DONALD B. FAULKNER 


In this study of 16 patients with normal electrical activation and wall motion, 8 patients with an artificial pace- 
maker and 4 patients with sinus rhythm, Wolff-Parkinson-White syndrome and delta waves, scintigraphic phase 
image analysis utilizing the sequence of mechanical contraction provided an accurate noninvasive method of 
detecting abnormal foci of ventricular activation. Similar to its application in the patients with an implanted pace- 
maker, phase imaging could also be applied to aid medical and surgical treatment by localizing the site of ectop- 
ic activation in patients with preexcitation through a bypass pathway or in those with spontaneous or stimulated 
ventricular tachycardia. Errors in the method could result from problems of curve fitting, heart rate variation, car- 
diac motion and other causes. 


continued on page A36 
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Cordis Sequicor 0' 


State of the Art in 
Automatic DDD Cardiac 
Pacer Design 











Adjustable Atrial Maintains full DDD function 
Refractory Periods while avoiding synchronization 
with retrograde conduction. 


Automatic DDD Mode Allows A-V synchrony 
to be maintained for maximum 
hemodynamic benefit. 


Four Programmable Optimizes ventricular filling. 
A-V Delays 


* Unger clinical evaluation 


cordis. 


© Cordis Corporation 1982 Post Office Box 525700 Miami, Florida 33152-5700 U.S.A. Telephone: 800-327-2490 
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. Sequicor, Model 233D Poles Parameters 


. Modes DDD, DVI, DAD, VDD, VAT, VVI, DOO, VET.* VOO 


50 (1200), 60 (1000), 70 (857), 80 (750) 
100 (500), 130 (461), 160 (375), 180 (333) 
0.8, 1.5, 7.0, OFF 





Minimum Pacing Rate, (Interval) 
. Maximum Pacing Rate (Interval) 
. Atrial Sensitivity, (mV) 
_ Ventricular Sensitivity, (mV) 0.8, 1.5, 2.5, OFF 
— Atrial Output Pulse Duration, (ms) OFF, 0.5, 1.0, 1.5, 
Ventricular Output Pulse Duration, (ms) 0.5, 1.0, 1.5, 2.0. 
A/V Delay (ms) t 80, 120, 165, 250 
Atrial Tachycardia Response Fall Back, 2:1 Block 
. Fall Back Rate (Interval) 55 (1.090), 65 (932), 75 (800), 85 (706) 
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<- ; 





_ Sequicor Nonprogrammable Parameters 


.. Output Current mA Output Voltage Pace Limit 


-Atrial 5.5 4.2 195 ppm 
- Ventricular 5.5 4.2 195 ppm 
.. Other Specifications 
Radiopaque 
. Weight Dimensions Specific Gravity Identification  E.R.T. 
| 76gm  69x56x14mm 1.9 HG 4%Rate Decrease 


- Power Source: 2 Lithium Cupric Sulfide Cells 





-. Sequicor Refractory Periods 


5 Total Atrial 
Atrial Total Total A/V Refractory 
. Tachycardia Maximum Atrial Ventricular Programmed Following the 


Response X Rate Refractory Refractory Delayt Ventricle Pulse 


> 


- 21 Block 100ppm 600 ms 302 ms 80 ms 520 ms 
i 120 480 
d 165 435 
| 250 350 

T4 130ppm 461 ms 302 ms 80 ms 381 ms 
A^ 120 341 
Ea 165 296 
; 250 211 

PS 160ppm 375ms 302 ms 80 ms 295 ms 
nS 120 255 
E 165 210 
" 250 125 

T 180ppm 333ms 302 ms 80 ms 253 ms 
| 120 213 
| 165 168 
250 83 

.. Fall Back Maximum 305 ms 302 ms 80 ms 225 ms 
Rate Rate 120 185 
n 165 140 


250 55 


i ** VET — Ventricular overdrive (ventricles externally triggered) 
-t During ventricular overdrive (VET), A-V delay = 6 to 20 ms. 


. Important Information 


Indications 
The Cordis Model 233D Sequicor 8 (Theta) pacer is a two-channel pacer intended for 
- permanent, two-chamber cardiac pacing. 


Adverse Effects 
— The following list includes a number of complications related to pacer therapy that 
— have been reported in the medical literature. Noninvasive techniques for assessing 
and managing such complications are available to the physician. Malfunctions occur 
randomly and may occur at any time after implantation. 
Complications Associated with Pacer Therap 
Pacer — battery depletion, component malfunction, electromagnetic interference, 
decreased sensitivity 
Lead — unsatisfactory electrode position, fracture displacement, penetration/ 
perforation of heart wall, faulty connection with pacer 
. Body — reaction, infection/erosion, increase in stimulation threshold 
. Contraindications 
_ Atrial-synchronized ventricular pacing and DDD sequential pacing modes are 
oY _ contraindicated for use in the presence of chronic atrial flutter or atrial fibrillation. 
_If these conditions are demonstrated, atrial sensitivity can be programmed "off" 
j _ to anonatrial sensing mode such as VVI. 
W^ 


Caution: Investigational device. Limited by Federal (U.S.A.) law to investigational 
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| (lidocaine HC) Solution 


Intravenous Injection 
for Ventricular Arrhythmias 


Before prescribing or administering, please consult complete product 
information, a summary of which follows: 

INDICATIONS 

Xylocaine brand of lidocaine HC! administered intravenously is specifi- 
cally indicated in the acute management of (1) ventricular arrhythmias 
occurring during cardiac manipulation such as cardiac surgery, and (2) 
life-threatening arrhythmias which are ventricular in origin, such as 
occur during acute mvocardial infarction. 

CONTRAINDICATIONS 

Xylocaine brand of lidocaine HCI is contraindicated in patients with a 
known history of hypersensitivity to local anesthetics of the amide type. 
Xylocaine brand of lidocaine HCI should not be used in patients with 
STOKES-ADAMS syndrome, Wolff-Parkinson-White syndrome, or with 
severe degrees of sineatrial, atrioventricular, or intraventricular block. 
WARNINGS 

Constant monitoring with an electrocardiograph is essential to the 
proper administration of Xylocaine brand of lidocaine HCI intravenously. 
Signs of excessive depression of cardiac conductivity, such as prolon- 
gation of PR interval end QRS complex and the appearance or 
aggravation of arrhythmias, should be followed by prompt cessation of 
the intravenous infusien o? this agent. It is mandatory to have emergency 
resuscitative equipment and drugs immediately available to manage 
possible adverse reactions involving cardiovascular, respiratory, or 
central nervous systems. 


Occasional acceleration cf ventricular rate may occur when Xylocaine 
brand of lidocaine KCl is administered to patients with atrial fibrillation. 
Evidence for proper usage in children is limited. 


Usage in Pregnancy: It s not known whether Xylocaine brand of lidocaine 
HCI may have adverseeffects upon fetal development. The benefits of the 
drug to the mother should be weighed against the possible risk to the 
fetus. 


PRECAUTIONS 

Caution should be employed in the repeated use of Xylocaine brand of 
lidocaine HC! in patients with severe liver or kidney disease because 
accumulation may occur and lead to toxic phenomena, since Xylocaine 
brand of lidocaine HCl is metabolized mainly in tne liver and excreted by 
the kidneys. The drug should also be used with caution in patients with 
hypovolemia and shock, and in all forms of heart block (see CONTRAIN- 
DICATIONS and WARNINGS). 


In patients with sinus bradycardia or incomplete heart block, the 
administration of Xylocaine brand of lidocaine HC! intravenously or the 
elimination of ventricular ectopic beats without prior acceleration in 
heart rate (e.g., by isoproterenol or by electric pacing) may promote 
more frequent and serious ventricular arrhythmias or complete heart 
block (see CONTRAINDICATIONS). 
ADVERSE REACTIONS 
Systemic reactions of the following types have deen reported: 
1) Central Nervous System: 
Light-headedness; drowsiness; dizziness; apprehensicn; euphoria; 
tinnitus; blurred vision or double vision; vomiting; sensations of heat, 
cold or numbness; twitching; tremors; convulsions; unconsciousness; 
respiratory depression and arrest. 


2) Cardiovascular System: 
Hypotension; cardiovascular collapse; and bradycardia which may 
lead to cardiac arrest. 


3) Allergic reactions may occur but are infrequent. There have been no 
reports of cross-sensitivity between Xylocaine brand of lidocaine HCI 
and procainamide or between Xylocaine brand of lidocaine HC! and 
quinidine. 

MANAGEMENT OF ADVERSE REACTIONS 

1)In the case of severe reaction, discontinue the use of Xylocaine brand 
of lidocaine HCI. 


2) Institute emergency resuscitative procedures and administer the 
emergency drugs necessary to manage the severe reaction. For 
severe convulsions, small increments of diazepam or an ultrashort 
acting barbiturate (thiopental or thiamylal; or if those are not 
available, a short-acting barbiturate (pentoberbital! or secobarbital); 
or if the patient is under anesthesia, a short-acting muscle relaxant 
(succinylcholine) may be given intravenously Muscle relaxants and 
intravenous medications should only be used by those familiar with 
their vid Patency of the airway and adequacy of ventilation must be 
assured. 


3) Should circulatory depression occur, vasopressors, such as ephe- 
drine, opmetaraminol may be used. 

HOW SUPPLIED 

For direct injection Xylocaine brand of lidocaine HCI without preserva- 

tives is supplied in 5 ml, 100 mg ampules and im 5 ml, 100 mg prefilled 

syringes. 

For preparing intravenous infusion solutions, Xylocaine brand of lido- 

caine HCI without sodium chloride or preservatives is supplied in one and 

two gram additive syringes and in one and two gram single use vials. 

Each vial is packed with a pre-sterilized transfer unit manufactured by 

the West Company. 


ANTRA 


Astra Pharmaceutical Products, Inc. 


Worcester, Massachusetts 01606 
AST-2305 





ntiarrhythmic Techniques 


Multiple bolus injections 

of Xylocainé (lidocaine HCI) 
Solution in the first 16 
minutes of administration 
may control refractory 


ventricular extrasystoles! 
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Time following the start of first injection (min) 


Plasma concentration-time data (mean + standard error of the mean 
[SEM D observed after administration of a total of 225 mg of lidocaine in 
divided bolus doses every 5 minutes over a 16-minute period. Cp = 

| plasma concentration; n = number of plasma determinations at 50 and 
80 minutes; figures in parentheses = number of plasma determinations 
at the times indicated.' 


In patients with acute myocardial infarction, 
serious ventricular extrasystoles sometimes 
continue to occur even after an initial bolus dose 
of 75 mg lidocaine and concomitant 2 mg/min 
lidocaine infusion. Multiple bolus injections of 
50 mg lidocaine — every 5 minutes if necessary 
toa total of 225 mg lidocaine — have been 
shown to be a safe way to provide effective, non- 
toxic blood levels of lidocaine in these patients.! 
In 23 patients given divided doses of 75, 50, 

50, and 50 mg lidocaine by bolus injection at 
5-minute intervals over a 16-minute period, no 
plasma concentration greater than 4.8 ug/ml 
was observed. Plasma concentrations stayed 
well within the accepted therapeutic range dur- 
ing virtually all of this period.! 


When your protocol calls for 
multiple bolus injections 

of lidocaine, choose the 
Xylocaine IV. Bolus 100 mg 


The locked needle guard ensures sterility, and 
indicates the needle has not been exposed. The 
calibrated barrel has clear markings for 100 mg 
and 50 mg doses, simplifying administration. 
And the finger grips make it easy to administer 
slowly a controlled I.V. bolus injection. Remem- 
ber that NO MORE THAN 200 TO 300 MG 
OF LIDOCAINE HCl SHOULD BE 
ADMINISTERED DURING A ONE-HOUR 
PERIOD. 


Xylocaine 
(lidocaine HCI) Solution 


The most complete system for 
ventricular arrhythmias 
Astra Pharmaceutical Products, Inc. 


ANT RA Worcester, Massachusetts 01606 


Please see next page for a summary of prescribing information. 


xlii 1. Wyman, MG, et al: Multiple bolus technique for lidocaine 
x ^x Der ey the first hours of an acute myocardial infarction. Am J Cardiol 
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299 Factors Influencing Estimated Oxygen Uptake During Exercise Testing Soon After Myocardial 
Infarction 


WILLIAM HASKELL, WILLIAM SAVIN, NEIL OLDRIDGE and ROBERT DeBUSK 


VO» measurements during symptom-limited treadmill testing in 47 patients 3 and 11 weeks after myocardial in- 
farction confirm that these measurements in such patients can also be accurately estimated from data derived 
from healthy adults, provided the exercise intensity is increased slowly (approximately 3.5 ml/kg per min in- 
crease in VO» every 3 minutes) and holding onto the handrails is avoided. When exercise intensity increases 
quickly, oxygen transport lags behind oxygen requirements and a greater portion of the energy demand is met 
anaerobically. Rail-holding causes a significant increase in treadmill performance and an overestimation of peak 
VOo. 


REPORTS ON THERAPY 


305 Comparison of the Effects of Placebo and Encainide on Programmed Electrical Stimulation and 
Ventricular Arrhythmia Frequency 


HENRY J. DUFF, DAN M. RODEN, ALBERT K. DAWSON, JOHN A. OATES, RAPHAEL F. SMITH and 
RAYMOND L. WOOSLEY 


Electrophysiologic studies performed twice daily immediately before and 1 hour after the administration of either 
placebo or encainide in eight patients with chronic ventricular arrhythmias showed that the repetitive ventricular 
response after encainide was neither consistently absent during periods of arrhythmia suppression nor consis- 
tently present during periods of arrhythmia recurrence. Four patients developed increased ease of inducibility 
of the repetitive ventricular response when encainide had suppressed the spontaneous ventricular arrhythmias. 
Programmed electrical stimulation during the administration of encainide may elicit a potentially lethal ventricu- 
lar arrhythmia that appears to correlate with an adverse clinical response in one patient during long-term therapy 
with encainide. 


313 Augmentation of Right Ventricular Performance in Chronic Obstructive Pulmonary Disease by 
Terbutaline: A Combined Radionuclide and Hemodynamic Study 


BRUCE N. BRENT, DONALD MAHLER, HARVEY J. BERGER, RICHARD A. MATTHAY, LINDA PYTLIK 
and BARRY L. ZARET 


Terbutaline, a relatively selective beta; adrenoceptor agonist frequently employed in the treatment of chronic 
obstructive pulmonary disease, substantially augmented right ventricular performance in eight patients with this 
disease predominantly through reduction in pulmonary vascular resistance index and right ventricular overload. 
Right ventricular ejection fraction increased significantly from 35 + 10 to 46 + 5 percent and normalized the 
ejection fraction in five of the eight patients. Oxygen delivery increased in all patients as a result of the increased 
cardiac output. Because the patients did not have reactive airway disease, it is unlikely that these vascular ef- 
fects of terbutaline were due to brochodilation. 


| 820 Prostacyclin Therapy in Patients With Congestive Heart Failure 
| YOSHIKI YUI, HISAYOSHI NAKAJIMA, CHUICHI KAWAI and TOMOYUKI MURAKAMI 


| Intravenously administered prostacyclin (22 + 11 ng/kg per min) in nine patients with severe congestive heart 
hate failure refractory to digitalis and diuretic drugs improved their hemodynamic state. In each patient prostacyclin 
: infusion significantly reduced mean arterial pressure as pulmonary capillary wedge pressure decreased. There 
were also prompt decreases in pulmonary arteriolar resistance, pulmonary vascular resistance and systemic 

vascular resistance with consequent increases in cardiac index and stroke index. These results indicate that 

prostacyclin is effective in reducing both ventricular preload and afterload and that it has an action similar to ni- 


continued on page A46 


Your Persantine 
patients deserve 


this 2-minute 


checkup 


(to be sure they re 
getting full benefits) 


1.Has the patient been taking 
Persantine long enough? It often 
takes two to three months for clin- 


ical improvement to manifest itself. 
2. Is the patient on an optimum dosage 


regimen? With 25 mg, 50 mg, and 75 mg 
tablets, its easy to establish a convenient, 


economical regimen for each patient. 


3. Is the patient getting enough Persantine? Most patients need 
150 mg daily in divided doses...some require even more. 


4. Does the patient take Persantine regularly? Encourage patients 
to take it daily, without a break. 


SM Is the patient getting genuine Persantine? Ask to see the tablets... 
and be sure to write “Dispense as written” or “No substitution” on 
your Persantine prescriptions. 


00020010S 


INDICATIONS — Based on a review of this 
drug by the National Academy of Sciences- 
National Research Council and/or other 
information, FDA has classified the indica- 
tion as follows: 

Possibly" effective: For long-term therapy of 
chronic angina pectoris. Prolonged therapy 
may reduce the frequency or eliminate angi- 
nal episodes, improve exercise tolerance, 
and reduce nitroglycerin requirements. The 
drug is not intended to abort the deute 
anginal attack. 

Final classification of the less-than-effective 
indications requires further investigation 


CONTRAINDICATIONS—No specific 
contraindications are known. 
PRECAUTIONS— Since excessive 
doses can produce peripheral vaso- 
dilation, the drug should be used 
cautiously in patients with hypoten- 
sion. Persantine tablets, 25 mg, con- 
tain FD&C Yellow No. 5 (tartrazine) 
which may cause allergic-type reac- 
tions (including bronchial asthma) in 
certain susceptible individuals. The 
incidence of sensitivity is generally 
low, but frequently seen in patients 
with aspirin hypersensitivity 
ADVERSE REACTIONS — Adverse 
reactions are minimal and transient 


Sissiae elele aiie 


p Tablets of 25, 50 and 75 mg 


Ine 


» The experienced dipyridamole 


nausea, flushing, weakness or syn- 
cope, mild gastrointestinal distress 
and skin rash have been noted dur- 
ing therapy. Rare cases of what 
appeared to be an aggravation of 
angina pectoris have been reported, 
usually at the initiation of therapy. On 
those uncommon occasions when 
adverse reactions have been persis- 


tent or intolerable, withdrawal of medi- 


cation has been followed promptly by 
cessation of undesirable symptoms. 

DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 

three times a day, taken at least one 
Ar before "S ei some cases 


side effects is associated with in- 
creased dosage. Clinical response 
may not be evident before the sec 
ond or third month of continuous 
therapy. 


Tablets of 25, 50 and 75 mg 


For complete details, please see t 
full prescribing information 
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EkoLine introduce: 





The new super-portable SKI 5010 has the like the one in the SKI 5000. 
same advanced sector image as the SKI 5000- In addition, the SKI 5010 will accom- 
and less. modate all new generation MicroprosBes™ for 

Less size. 

Less weight. 

Less cost. 

Of course, it has a few less features than 
the SKI 5000. But it still has the same superior 
M-mode, manual TGC with nine separate slide 
controls, and a video tape recorder that 
produces compatible tapes with other recorders 





esof the came. 


-mode or sector 
maging. For more 
formation about 


he new SKI 5010 
yr the SKI 5000, 
send coupon today. 
Or call toll-free 
800) 538-1556. 

n California, 

408) 732-6010. EkoLine, Inc., 880 West Maude 
Avenue, Sunnyvale,CA 94086. 













New generation sector MICROPROBE.™ 











EkoLine, Inc., 880 West Maude Avenue, Sunnyvale, CA 94086 


__ Have a representative call me. 


EKOLINE 


A XONICó COMPANY 


You can depend on us. 











Name Hospital 
Address 
City State 





Telephone 


Best time to call 





Zip 


Please send descriptive literature about the new SKI 5010 and SKI 5000. 


NOWIT'S HERE... 
AVAILABLE 

IN PHARMACIES 
THROUGHOUT THEUS. 











629-3243-A 





NOW IT'S HERE... 
ONCE-A-DAY 


24-HOUR 
ANGINA PROPHYLAXIS 














TRANSDERM-NITRO 


nitroglycerin 





once-a-day 


lransderm- Nitro 
nitroglycerin 


Exclusive 

rate-controlling membrane 
delivers hour-by-hour 
precision dosage 

e Specially designed copolymer mem- 


brane governs, and limits, rate at which 
drug diffuses from the system to the skin. 





e Similar to an intravenous infusion. 
Transderm-Nitro delivers medication at a | 
constant rate. (actual size) 





e Patients are protected against extremely 
high concentrations being reached even 
where skin is unusually permeable. 


Magnified (approx. thinness) 
cross section of Ent di 
Transderm-Nitro system -— — 


impermeable water-resistant 
backing layer 


nitroglycerin reservoir 


rate-controlling membrane 


hypoallergenic contact 
adhesive 

Contains an initial dose of 
medication to saturate skin- 
binding sites so that absorp- 
tion begins immediately 








Precision dosage system 
assures 24-hour angina protection 





steady, sustained 
4-hour nitroglycerin 
evels 


Constant protection against 
angina attacks assured by 
uninterrupted plasma concen- 
trations of nitroglycerin: 
Transderm-Nitro 5 rated to 
release 5 mg/24 hours; 
Transderm-Nitro 10 rated to 
release 10 mg/ 24 hours. 


)rthostatic hypotension may 
ndicate nitroglycerin over- 
losage; reduce dosage if 
symptoms occur. Nitrates are 
sontraindicated in patients with 
ncreased intraocular pressure. 
Nithdrawal should be gradual if 
reatment is terminated. Do not 
apply to distal parts of the arms 
ind legs. 


System is simple 
and easy to use 


e Every 24 hours the old system 
is removed and the new one 
applied. 


e Therapeutic effect can be 
anticipated 30 minutes after 
application and maintained for 
30 minutes following removal. 


e Can be applied anywhere on 
the body except the distal 
extremities. 























An advance 

beyond tablets and 

ointments 

e 24-hour sustained therapeutic 
blood levels of nitroglycerin 

e Precise dosage control 


e Ease of administration...avoids 
mess and inconvenience of 
ointments 


e Once-a-day dosage to 
enhance compliance 


e May be worn while swimming, 
bathing and showering 
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1st system applied 














hours 

















irst measurement in this study was taken 
t 2 hours. However, a therapeutic effect 
an be anticipated 30 minutes after 
pplication of the system, and will be 
aintained for 30 minutes after its removal 


=| | 

















18 20 20 24 2 4 


2nd system applied 





* After 24 hours, system is removed and a 
new one is applied to another site. Renewal 
of the system does not result in any signif- 
icant alteration in the plasma levels, as 
long as the change is made without delay 
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For full details, please see the prescribing information on the next page 











Transder m-Nitro nitroglycerin 


system car be applied anywhere 
except distal extremities 

Doesn't compromise daily 
activities. 

Transderm ®-Nitro 

(nitroglycerin) 

Transdermal Therapeutic System 


DESCRIPTION 

Transderm-Nit (nitroglycerin) transdermal 
therapeutic system is a flat unit designed to 
provide controlled release of nitroglycerin 
through a semipermeable membrane con- 
tinuously for 24 hours following application 
to intact skin. Nitroglycerin (glyceryl tri- 
nitrate) is a prompt-acting vasodilator for 
the relief and prevention of anginal attacks 
Systems are rated to release in vivo 5 and 
10 mg nitroglycerin over 24 hours and are in 
sizes of 10 and 20 cm? respectively 


One-fifth of the total nitroglycerin in the 
system is delivered transdermally to the 
patient over 24 hours; the remainder serves 
as the thermcdynamic energy source to 
reiease the drug and remains in the system 
The rated release of drug is dependent 
upon the area of the system, 0.5 mg 
nitroglycerin s delivered in vivo for every 
cm? of system size 


The Transderm-Nitro system comprises 

four layers as shown below. Proceeding from 
the visible surface toward the surface 
attached to the skin, these lavers are: 1) a 
tan-colored backing layer (aluminized plas- 
tic) that is impermeable to nitroglycerin: 

2) a drug reservoir containing nitroglycerin 
adsorbed or lactose, colloidal silicon dioxide 
and silicone medical fluid. 3) an ethylene/ 
vinyl acetate copolymer membrane that is 
permeable to nitroglycerin, and 4) a layer of 
hypoallergenic silicone adhesive. Prior to 
use, a protective peel strip is removed from 
the adhesive surface 


Cross secticn of the system 


— Backing 

—— Drug Reservow 
Semipermeable Membrane 
7 Adhesive 


~ Protective Peel Strip 


ACTIONS 

When the Transderm-Nitro system is ap- 
plied to the skin. nitroglycerin is absorbed 
continuously through the skin into the sys- 
temic circulation. This results in active drug 
reaching the target organs (heart, extrem- 
ities) before being inactivated by the liver 
Nitroglycerin is a smooth muscle relaxant 
with vascular effects manifested predomi- 
nantly by venous dilatation and pooling 
The major beneficial effect of nitrogiycerin 
in angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to 
vascular smooth muscle relaxation and 
consequent reduced cardiac preload and 
afterload. In recent years there has been an 
increasing recognition of a direct vasodila- 
tor effect of nitroglycerin on the coronary 
vessels 


Once-a-day, 24-hour protection against angina attacks 





In clinical studies transdermal absorption of 
nitroglycerin from a nitroglycerin system 
occurred in a continuous and well-controlled 
manner, for a minimum of 24 hours. Thera- 
peutic effect can be anticipated 30 minutes 
after application of the system and to be 
maintained for 30 minutes after its removal 


INDICATIONS AND USAGE 
Transderm-Nitro system is indicated for the 
prevention and treatment of angina pectoris 
due to coronary artery disease 


CONTRAINDICATIONS 

Intolerance of organic nitrate drugs 

marked anemia, ncreased intraocular pres- 
sure or increased intracranial pressure 


WARNINGS 

In patients with acute myocardial infarction 
or congestive heart failure, Transderm-Nitro 
system should be used under careful clini- 
cal and/or hemodynamic monitoring 


In terminating treatment of anginal patients, 
both the dosage and frequency of applica- 
tion must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden 
withdrawal reactions, which are characteris- 
tic of all vasodilators in the nitroglycerin 
class 


PRECAUTIONS 

Symptoms of hypotension, such as faint- 
ness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to 
overdosage When these symptoms occur 
the dosage should be reduced or use of the 
product discontinued 


Transderm-Nitro system is not intended for 
mmediate relief of angina’ attacks. For this 
purpose occasional use o! the sublingual 
preparations may be necessary 


ADVERSE REACTIONS 

Transient headaches are tne most common 
side effect, especial y when higher doses 

of the drug are used. These headaches 
should be treated with mild analgesics while 
Transderm-Nitro therapy is continued. When 
such headaches are unresponsive to treat- 
ment, the nitrog'ycerin dosage should be 
reduced or use of the product discontinued 


Adverse reactions reported less frequently 
include hypotension, increased heart rate, 
faintness, flushing, dizziness, nausea. 
vomiting, and dermatitis. These symptoms 
are attributable to the known pharmaco- 
logic effects of nitroglycerin, but may be 
symptoms of overdosage. When they per- 
sist the dose should be reduced or use of 
the product discontinued 


DOSAGE AND ADMINISTRATION 
Therapy should be initiated with application 
of one Transderm-Nitro 5 system to the 
desired area of skin. Mamy patients prefer 
the chest; if hair is ikely to interfere with 
System adhesion or removal, it can be 
clipped prior to placement of the system 
Each system is designed to remain in place 
for 24 hours, and each successive applica- 












tion should be to a different skin area 
Transderm-Nitro system should not be ap- 
plied to the distal parts of the extremities 


The usual dosage is one Transderm-Nitro 5 
System every 24 hours. Some patients, 
howaver, may require the Transderm-Nitro 10 
system If a single Transderm-Nitro 5 system 
fails to provide adequate clinical response, 
the patient should be instructed to remove 

it and apply either twc Transderm-Nitro 5 
systems or one Transderm-Nitro 10 system 
More systems may be adced as indicated 
by continued careful monitoring of clinical 
response 


The optimal dosage should be selected 
based upon the clinical response, side 
effects, and the effec's of therapy upon 
blood pressure. The greatest attainable 
decrease in resting biood pressure that is 
not associated with clinical symptoms of 
hypotension. especially during orthostasis. 
indicates the optimal dosage. To decrease 
adverse reactions. the size and/or number 
of systems should be tailored to the individ- 
ua patients needs. © 


Dc not store above 86°F (30°C) 
PATIENT INSTRUCTIONS FOR 


APPLICATIONS 
A patient leaflet is supplied with the 
Systems 
HOW SUPPLIED 
Trensderm- 
Nitro 
System Rated Total 
Release Nitroglycerin System Carton 
in vivo in System Size Size 
5 mg;/24 hr 25 mg 10cm* — 30 Systems 
(NDC 0083- 
2105-26) 
5 mg/24 hr 25 mg lücm* 7 Systems 
(NDC 0083- 
2105-07) 
10mg/24hr 50mg 20cm? — 30 Systems 
(NDC 0083- 
2110-26) 
C82-16 (3/82) 
Dist. by 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


629-3650-A Panted in U S A (7.82) 
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Franklin's new digital scan converter gives 
your ATL system state-of-the-art imaging 
and quantitation for a fraction of a new 
system's price. 


Franklin, designer and manufactur- 
er of ATL's original Mark Series 315 
scan converter, introduces the new 
DCQ-64 as a pluggable replacement. 


64 levels of greyscale reveal 
subtle tissue characteristics in 
every M-mode study. 


More levels of grey and a higher- 
resolution 480x640 pixel matrix 
create clearer, sharper images of 
. cardiac structures. Adjust the loga- 
rithmic compression to optimize the 
image for high or low amplitude signals. 

The DCQ-64 also displays both A-mode and 
TGC in vertical format to allow fast, direct 
visual correlation with M-mode. 


Automatic quantitation and alphanumerics 
aid analysis online and off. 


Now you can easily make accurate measure- 
ments as you test. With a precision joystick, 
quickly position electronic calipers on the 
display to measure distance and slope. A digi- 
tal readout of M-mode and 2D quantitations 


Plug New Diagnostic Value Into Your ATL System. 





automatically appears on the screen in 
composite video. 

With the alphanumeric keyboard, enter four 
lines of patient information. Then 
offline, use the automatic frame 
counter to quickly recall specific 
cardiac events. 


Franklin—a pioneer in 
ultrasound. 

Franklin is one of the originators 
of digital scan conversion techno- 
ogy for ultrasound. We now 
ave more M-mode converters in 
cardiac care than any other man- 
ufacturer. Let us add state-of- 
the-art diagnostics to your present 
ATL system for a fraction of the price of a 


oa RANKI 
| Write or call Franklin 


Bruce Franklin Inc. 10715 8th Avenue NE, 
| Seattle, WA 98125 (206) 367-2920 


O | would like to see actual M-mode studies 
| — and a demonstration of the DCQ-64. 
Í [] Please send me more information about the DCQ-64. 


Name: 
i Address: 


| City: 
i 


Phone: 
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troprusside. The heart rate increases slightly in the majority of patients during prostacyclin infusion. After infu- 
sion, plasma norepinephrine levels increased slightly and plasma epinephrine levels increased significantly. Va- 
sodilator therapy with prostacyclin may be useful in the management of acute heart failure after acute myocar- 
dial infarction as an alternative to, or even a better vasodilating agent than, nitroprusside and because of its 


platelet antiagcregating properties. 


REVIEWS 


325 Timing of Operation for Chronic Aortic Regurgitation 


ROBERT O. BONOW, DOUGLAS R. ROSING, KENNETH M. KENT and STEPHEN E. EPSTEIN 


Aortic valve replacement should be performed once significant symptoms develop in patients with chronic aor- 
tic regurgitation. Left ventricular function is an important determinant of postoperative prognosis. This review 
emphasizes the importance of subjecting all patients with chronic aortic regurgitation and left ventricular dys- 
function at rest to aortic valve replacement, even if severe symptoms and deterioration in exercise tolerance 
have not developed. Once exercise tolerance becomes limited in such patients, the likelihood of irreversible left 
ventricular dysfunction is increased and long-term postoperative survival is threatened. In this subgroup of pa- 
tients exercise capacity is helpful in predicting which patients are likely to have irreversible changes. On the 
other hand, long-term postoperative survival is excellent, even in symptomatic patients, if preoperative left ven- 
tricular systolic function is normal. 


DIAGNOSTIC SHELF 


337  Echocardiographic-Cineangiographic Correlation in Detecting Left Ventricular Aneurysm: A 


Prospective Study of 422 Patients 


CEES A. VISSER, GERARD KAN, GEORGE K. DAVID, KONG ING LIE and DIRK DURRER 


As confirmed in a series of 422 consecutive patients with a documented myocardial infarction who underwent 
cardiac catheterization and echocardiographic examination, two dimensional echocardiography can detect or 
exclude a left ventricular aneurysm with a high level of sensitivity (93 percent) and specificity (94 percent). A left 
ventricular aneurysm was detected with two dimensional echocardiography in 118 of the 386 patients with an 
adequate echocardiogram. Most aneurysms were apical and anteroapical. This technique allows serial studies, 
which should help define the hitherto poorly documented natural history of left ventricular aneurysm, particularly 
changes in size and the presence of thrombus. 


342 Two Dimensional Echocardiography and Intravenous Digital Video Subtraction Angiography for 
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Diagnosis and Evaluation of Double Aortic Arch 


DAVID J. SAHN, LILLIAM M. VALDES-CRUZ, THERON W. OVITT, GERALD POND, 
ROBERT MAMMANA, STANLEY J. GOLDBERG, HUGH D. ALLEN and JACK G. COPELAND 


Two dimensional echocardiography and intravenous digital video subtraction angiography proved important aids 
in substantiating the diagnosis and in providing additional anatomic information in two infants and one 7 year old 
child with double aortic arch. The echocardiogram showed the larger right arch component. In two patients intra- 
venous angiography confirmed the double aortic arch and identified the absence of a lumen distal to the subcla- 
vian artery, allowing the subclassification (type 1B) of the type of double aortic arch. It potentially obviates the 
need for arterial catheterization to image the aortic arch for the evaluation of congenital lesions of the arch in 


continued on page A52 
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/ DESCRIPTION: coe ASS run is a specific competitive. lhibitor of cabe. l- 
converting enzyme (ACE), the enzyme responsible for converting angiotensin | to angio- 


M 


INDICATIONS: Because serious adverse effects have been reported (see WARNINGS), 
Capoten is indicated for treatment of hypertensive patients who on multidrug regimens 
have either failed to respond satisfactorily or developed unacceptable side effects. Us- 
ually, multidrug regimens include combinations of a diuretic, a sympathetic nervous 
svstem-active agent (such as a beta-b 'ocker) and a vasodilator. 

Capoten (captopril) is effective alone, but in the population described above, it should 
usually be used in combination with & thiazide-type diuretic. The blood pressure lowering 
effects of captopril and thiazides appear to be additive. 


_ WARNINGS: Proteinuria—Total urinary proteins >1 g/day were seen in 1.2% of patients 


. on captopril; the nephrotic syndrome occurred in about “th of these cases. Existence 


7 


of prior renal disease increased the likelihood of development of proteinuria. About 6096 


. of affected patients had evidence of prior renal disease; the remainder had no known 


renal dysfunction. In most cases, proteinuria subsided or cleared within 6 months whether 
or not captopril was continued, but some patients had persistent proteinuria. The BUN 


. and creatinine were seldom altered in the proteinuric patients. 


E 


A. 


Membranous glomerulopathy was found in nearly all the proteinuric patients on capto- 
_ pril who were biopsied and may be drug related; this is uncertain since patients were not 
biopsied prior to treatment and membranous glomerulopathy may be associated with 
— hypertension in absence of captopril therapy. Since most cases of proteinuria occurred 
by the 8th month of captopril therapy, patients on captopril should have urinary proteir 
estimates (dip-stick on 1st morning urine, or quantitative 24-hr urine—the latter provides 
greater precision when proteinuria is persistent and/or at low levels) before therapy, at 


- approx. monthly intervals for the 1st 9 months of therapy, and periodically thereafter 
md patients who develop proteinuria >1 g/day, or increasing proteinuria, the benefits 


and risks of continuing captopril should be evaluated. 
Neutropenia/Agranulocytosis—Neutropenia (—300/mm?) associated with myeloid 
TA gree (probably drug related) occurred in about 0.3% of captopril treated patients. 
About half of the neutropenic patients developed systemic or oral cavity infections or 
other features of agranulocytosis. Most of the neutropenic patients had severe hyperten- 


_ sion and renal function impairment; about half had systemic lupus erythematosus (SLE). 
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or another autoimmune/collagen disorder; multiple concomitant drug therapy was com- 
mon, including immunosuppressive therapy in a few cases. Daily doses of captopril in 
the leukopenic patients were relatively high, particularly in view of their diminished renal 
function. The neutropenia appeared 3 to 12 weeks after starting captopril; it developed 
relatively slowly, taking 10 to 30 days to have white blood count fall to its nadir; neutro- 
phils returned to normal in about 2 weeks (other than 2 patients who died of sepsis). 

Use captopril with caution in patients with impaired renal function, serious auto- 
immune disease (particularly SLE). or who are exposed to other drugs known to affect 
_ the white cells or immune response. In patients at particular risk (as noted above), 
Mem white blood cell and differential counts prior to therapy, at about 2-week intervals 
for about the 1st 3 months of therapy, and periodically thereafter. 

The risk of neutropenia in patients who are less seriously ill or who receive lower 
dosages appears to be smaller, anc it is sufficient in these patients to have white blocd 
cell counts every 2 weeks for the 1st 3 months of therapy, and periodically thereafter. 
Perform differential counts when leukocytes are —4000/mm? or the pretherapy white 
count is halved. All patients treated with captopril should be told to report any signs of 
infection (e.g., sore throat; fever); if infection is suspected, perform counts without delay. 


` Since discontinuation of captopril and other drugs has generally led to prompt return 


} 


^ 
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of the white count to normal, upon confirmation of neutropenia (neutrophil count 
«1000; mm?) withdraw captopril and closely follow the patient's course. 
‘Hypotension—Excessive hypotension was rarely seen in hypertensive patients but is a 
- possible consequence of captopril use in severely salt/volume depleted persons such as 
Ekoso treated vigorously with diuretics, e.g., patients with severe congestive heart failure 
(see PRECAUTIONS [Drug Interactions]). 
PRECAUTIONS: General: /mpaired Renal Function—Some patients with renal disease. 


_ particularly those with severe renal artery stenosis, have developed increases in BUN 


' 


a 


ee 
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and serum creatinine after reduction of blood pressure with captopril. It may be necessary 
— to reduce captopril dosage and/or discontinue diuretic. For some of these patients, nor- 
 malization of blood pressure and maintenance of adequate renal perfusion may not be 
| possible (see DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Labora- 
tory Findings]). Surgery/Anesthesia—During major surgery or anesthesia with agents that 
roses hypotension, captopril will block angiotensin I| formation secondary to com- 
| tope renin release; if hypotension occurs and is considered due to this mechanism, 
d is correctable by volume expansion. 
Interactions: Hypotension: Patients on Diuretic Therapy—A precipitous reduction of 


— blood pressure may occasionally occur within the 1st 3 hours after administration of the 


initial captopril dose in patients on diuretics, especially those recently placed on diuretic 
therapy and those on severe dietary salt restriction or dialysis. The possibility of hypo- 
tensive effects can be minimized by either discontinuing the diuretic or increasing the 
salt intake about 1 week prior to initiation of captopril therapy. Alternatively, provide 
medical supervision for at least 3 hours after the initial dose. If hypotension occurs, 
place the patient in a supine position and, if necessary, administer an I.V. infusion ef 


- normal saline. This transient hypotensive response is not a contraindication to further 


doses which can be given without difficulty once the blood pressure has increased after 


volume expansion. 
Agents Causing Renin Release—Captopril's effect will be augmented by antihyperten- 


. sive agents that cause renin release. 


Agents Affecting Sympathetic Activity—The sympathetic nervous system may be 
especially important in supporting blood pressure in patients receiving captopril alone or 


_with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect 


to captopril, but the overall response is less than additive. Therefore, use agents affecting 


. sympathetic activity (e.g.. ganglionic blocking agents or adrenergic neuron blocking 


. agents) with caution. 


^om 


Agents Increasing Serum Potassium—Since captopril decreases aldosterone pro- 
duction, elevation of serum potassium may occur. Give potassium-sparing diuretics or 
potassium supplements only for documented hypokalemia, and then with caution, since 
they may lead to a significant increase of serum potassium. If the patient has received 

spironolactone at any time up to several months prior to captopril therapy, determine 
the serum potassium frequently since the effect of spironolactone persists. 


— Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for 


acetone. 
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year studies with doses 
of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic 
potential. 


Animal Toxicology: Chronic ora! toxicity studies were conducted in rats (2 years), degs 
(47 weeks; 1 year), mice (2 years), and monkeys (1 year). Significant drug-related toxicity 
included effects on hematopoiesis, renal toxicity, erosion /ulceration of the stomach, and 


. variation of retinal blood vessels. Reductions in hemoglobin and/or hematocrit values 


were seen in mice, rats, and monkeys at doses 50 to 150 times the maximum recom- 
mended human dose (MRHD). Anemia, leukopenia, thrombocytopenia, and bone marrow 


— suppression occurred in dogs at doses 8 to 30 times MRHD. The reductions in hemo- 


globin and hematocrit values in rats and mice were only significant at 1 year and returned 


. to normal with continued dosing by the end of the study. Marked anemia was seen at 


all dose levels (8 to 30 times MRHD) in dogs, whereas moderate to marked leukopenia 
was noted only at 15 and 30 times MRHD and thrombocytopenia at 30 times MRHD. 
The anemia could be reversed upon discontinuation of dosing. Bone marrow suppression 


| occurred to a varying degree, being associated ory, with Bees. tx died or were sacri- - 
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n was fou nd to be ' reversible upon contir 
drug administration. Captopril caused hyperplasia of y: piarsa apparatus ol 
kidneys at doses 7 to 200 times the MRHD in rats and mice, at 20 to 60 times MI 
in monkeys, and at 30 times the MRHD in dogs. Gastric erosions/ulcerations were 
creased in incidence at 20 and 200 times MRHD in male rats and at 30 and 65 times MI 
in dogs and monkeys, respectively. Rabbits developed gastric and intestinal ulcers w 
given oral doses about 30 times MRHD for only 5 to 7 days. In the two-year rat study, 
versible and progressive variations in the caliber of retinal vessels (focal sacculat 
and constrictions) occurred at all dose levels (7 to 200 times MRHD) in a dose-rel, 
fashion. The effect was first observed in the 88th week of dosing, with a progressi 
increased incidence thereafter, even after cessation of dosing. 
Pregnancy: Category C—Captopril was embryocidal in rabbits when given in doses 2 t« 
times (on a mg/kg basis) the maximum recommended human dose. The marked 
bryocidal effect in rabbits was most probably due to the particularly marked decre 
in blood pressure caused by the drug in this species. Captopril given to pregnant rat 
400 times the recommended human dose continuously during gestation and lacta 
reduced neonatal survival. No teratogenic effects (malformations) have been seen ¢ 
large doses of captopril in hamsters, rats, and rabbits 
There are no adequate and well-controlled studies in pregnant women. Capt 
should be used during pregnancy only if the potential benefit justifies the potential 
to the fetus. 


Nursing Mothers: Concentrations of captopril in human milk are about 196 of thos: 
maternal blood. The effect of low levels of captopri! on the nursing infant has not b 
determined. Exercise caution when administering captopril to a nursing woman, anc 
general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established altho 
there is limited experience with use of captopril in children from 2 months to 15 ye 
of age with secondary hypertension and varying degrees of renal insufficiency. Dos 
on a weight basis, was comparable to that used in adults. Captopril should be use 
children only if other measures for controlling blood pressure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving at 
4000 patients. 

Renal—One to 2 of 100 patients developed proteinuria (see WARNINGS). Renal 
sufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patie 
but relationship to drug use is uncertain. 

Hematologic—Neutropenia/ agranulocytosis (probably drug related) occurred in at 
0.396 of captopril treated patients (see WARNINGS). Two of these patients develo 
sepsis and died. 

Dermatologic —Rash (usually maculopapular, rarely urticarial), often with pruritus 
sometimes with fever and eosinophilia, in about 10 of 100 patients, usually during the 
4 weeks of therapy. The rash is usually mild and disappears within a few days of dos 
reduction, short-term treatment with an antihistaminic agent, and/or discontinuing t 
apy; remission may occur even if captopril is continued. Pruritus, without rash, in at 
2 of 100 patients. Between 7 and 1096 of patients with skin rash have shown an eos 
philia and/or positive ANA titers. A reversibie associated pemphigoid-like lesion, 
photosensitivity have also been reported. Ancioedema of the face, mucous membra 
of the mouth, or of the extremities in about 1 of 100 patients—reversible on disconti 
ance of captopril therapy. One case of laryngeal edema reported. Flushing or pallo 
2 to 5 of 1000 patients. 

Cardiovascular—Hypotension in about 2 of 100 patients. See PRECAUTIONS (D 
Interactions) for discussion of hypotension on initiation of captopril therapy. Tachycar 
chest pain, and palpitations each in about 1 cf 100 patients. Angina pectoris, myocar 
infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1 
patients. 

Dysgeusia—About 7 of 100 patients deveioped a diminution or loss of taste perc 
tion; taste impairment is reversible and usually self-limited even with continued drug 
(2 to 3 months). Weight loss may be associated with the loss of taste. Gastric irritat 
abdominal pain, nausea, vomiting, diarrhea. anorexia, constipation, aphthous ulc 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, . 
paresthesias reported in about 0.5 to 296 of patients but did not appear at increa 
frequency compared to placebo or other treatments used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although 
causal relationship has been established. ^ single case of hepatocellular injury v 
secondary cholestasis has been reported in association with captopril use. A trans 
elevation of BUN and serum creatinine may occur, especially in volume-depleted or re 
vascular hypertensive patients. In instances of rapid reduction of longstanding or seve! 
elevated blood pressure, the glomerular filtration rate may decrease transiently, ¿ 
resulting in transient rises in serum creatinine and BUN. Small increases in serum po! 
sium concentration frequently occur, especially in patients with renal impairment ( 
PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with 
I.V. infusion of normal saline is the treatment of choice for restoration of blood p 
sure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour bel 
meals. Dosage must be individualized. 

Give consideration to recent antihypertensive drug therapy, extent of blood press 
elevation, salt restriction, and other circumstances before initiating therapy. If possi 
discontinue the patient's previous antihypertensive drug regimen for one week bel 
starting captopril. Initial dose of CAPOTEN (captopril) is 25 mg t.i.d. If satisfactory bl 
pressure reduction is not achieved after 1 or 2 weeks, dose may be increased to 50 
t.i.d. If the blood pressure has not been satisfactorily controlled after another 1 to 2 wee 
add a modest dose of a thiazide-type diuretic (e.g., hydrochlorothiazide, 25 mg dai 
The diuretic dose may be increased at 1- tc 2-week intervals until its highest usual a 
hypertensive dose is reached. If further blood pressure reduction is required, CAPOT 
(captopril) may be increased to 100 mg t..d. and then, if necessary, to 150 mg t. 
(while continuing the diuretic). The usual dose range is 25 to 150 mg t.i.d. A maxim 
daily dose of 450 mg CAPOTEN (captopril) should not be exceeded. 

For patients with accelerated or malignant hypertension, when temporary discontin 
tion of current antihypertensive therapy is not practical, or when prompt titration to m 
normotensive blood pressure levels is indicated, current antihypertensive medication n 
be stopped and CAPOTEN (captopril) dosage promptly initiated at 25 mg t.i.d., under cl 
medical supervision. The daily dose of CAFOTEN (captopril) may be increased every 
hours until a satisfactory blood pressure response is obtained or the maximum capto 
dose is reached. In this regimen, addition of & more potent diuretic, e.g., furosemi 
may also be indicated. Beta-blockers may also be used in conjunction with capto 
therapy (see PRECAUTIONS [Drug Interactions]), but the effects of the 2 drugs are hı 
than additive. 

Dosage Adjustment in Renal Impairment—Because CAPOTEN (captopril) is excre 
primarily by the kidneys, excretion rates are reduced in patients with impaired renal fu 
tion. These patients will take longer to reach steady-state captopril levels and will rec 
higher steady-state captopril levels for a given caily dose than patients with normal re 
function. Therefore. these patients may respond to smaller or less frequent doses. | 
cordingly, for patients with significant rena! impairment, initial daily dosage of CAPOT 
(captopril) should be reduced, and smaller increments utilized for titration, which sho 
be quite slow (1- to 2-week intervals). After desired therapeutic effect has been achiev 
dose should be slowly back-titrated to determine minimal effective dose. When c: 
comitant diuretic therapy is required, a loop diuretic (e.g., furosemide), rather thar 
thiazide diuretic, is preferred in patients with severe renal impairment. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in tablets of 25, 50, and 100 mg in bottes, of 100, and 
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When patients _ 
need more potassium 
than tablets 
can easily offer... 
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KLORVES 


i Each packet (2:8 gi 
provides 20 mEt each 
Of potassium and 
Ghloride supplied by 
potassium chloride 
1.125 g. potassium bicarboraie 0.5 g, and 
| -tysine monohydroctioride C.913 g. 


The patient on higher doses of antihyper- 
tensive medication, diuretics and/or 
digitalis, may need additional potassium 
supplementation...40 mEq/day or more. 
KLORVESS Effervescent Granules offer 
the following advantages: 


ATE 


e Each packet delivers 20 mEq of potas- 


sium...compared with slow-release 
tablets that contain 10 mEq or less. 


e Sparkling citrus flavor offers a high 
degree of patient compliance. Patients 
may even use KLORVESS as a “chaser” 
for other medications. Granules mix 
easily with cold water...no need 
for expensive juices to make palatable. 


e Convenient effervescent granules ) 
dissolve almost immediately... no | V5. 
waiting. I M 

e Sugar-free, sodium-free, carbohydrate- 
free, dye-free formulation ...ideal for b 1M. Do 
hypertensive, diabetic, or overweight Ea o o | 2 wc 
patients. | 
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PHARMACEUTICAL DIVESION 
SANDOZ IEC. 
E HANOVER, NEW JERSEY 07936 


Please see brief summary of prescribing information on adjoining page. 
















 Klorvess* (potasel um. chloride) 10% Liquid 


Brief summary of prescribing information 
DESCRIPTION: Klorvess Effervescent Granules: Each packet 





by potassium chloride 1.125 g, potassium bicarbonate 0.5 g. 
L-lysine monohydrochiloride 0.913 g ina sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution of the packet 
contents in water provides the potassium and chioride available 
tor oral ingestion as potassium chloride, potassium bicarbonate. 


“potassium citrate and L-lysine monohydrochioride. 


“Kiorvess (potassium chloride) 10%. Liquid: Each tablespoonful 
(15 mi) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g} in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and. treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can. occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: In response to arise in the concentration of body 
potassium, renal excretion of the ion is increased. Inthe presence 
of normal renal function and hydration, it is difficult to produce 


potassium intoxication by oral potassium salt supplements. Since 


the extent of potassium deficiency cannot be accurately deter- 

mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 

Status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication. can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively, The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: K/orvess Effervescent 
Granules: Adults-- One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


‘Kiorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
. immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under “Contraindications’ Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid alowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: Klorvess Effervescent Granules-— packages of 
- 80 packets (2.8 g each). Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 


m : bottles. Klorvess Effervescent Granules and Liquid are also avail- 


_able in institutional packaging as follows: Klorvess Effervescent 
— Granules-- packages of 1000 packets; Klorvess Liquid-- 36 (3 x 


— 12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 mt Unit- 
. Dose bottles. 


(For complete details, please consult full prescribing information) 


PHARMACEUTICAL DIVISION 
SANDOZ, INC. 
E. HANOVER, NEW JERSEY 07936 


Bg) contains 20 mEq each of potassium and chloride supplied . 


MEDICAL AND SURGICAL ADV 
CORONARY DISEASE = 


The most up-to-date refe rer 
on the state of the art of 
medical and surgical myocai = 
dial revascularization in —s© 
clinical coronary disease - 
available today. 


Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 
outgrowth of the recer international Symposium on Myocardial 
Revascularization held in Nassau, The Bahamas. it is edited by 
two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Collins, Jr., MD. 


Myocardial Revascularization 
features the latest on: 


E Streptokinase - Thrombolysis in AM 
(Percutaneous Transluminal Coroni 
Recanalization (PTCR) po 

lll Percutaneous Transluminal Coronary. 
Angioplasty (PTCA) e 

ll New Calcium Blocking Drugs 


liM Cardiac Benefits of Coronary 
Rehabilitation Programs 


Unstable Angina, AMI v 


A — e c aa 
Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCH2 
Please send me: oe 


copies MYOCARDIAL REVASCULARIZATION ($5500. 


= Enclosed is my check for... Yorke pays postág is 
handling (same return privilege). New York residents. add. 
sales tax. Add $5.00 per book for orders outside the U.S. a 
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Expiration date 
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ple Pathways Participating in Three Distinct Types of Atrioventricular Reciprocating 
ardia in a Patient With Wolff-Parkinson-White Syndrome | 


í OLIVAR PORTILLO, NELLY PORTILLO-LEON, LIAQAT ZAMAN and AGUSTIN CASTELLANOS 









lectrophysiologic. studies performed in a 65 year old man with the Wolff-Parkinson-White syndrome, type Ao 
„and recurrent supraventricular tachyarrhythmias demonstrated five (three accessory and two intranodal) path- 
jays participating in three different types of A-V reciprocating tachycardia. Oral amiodarone therapy : ee 
fully prevented recurrence of the tachycardia. It is important to know that three pathways are present in patients = 
. With drug-resistant or incessant tachycardia who are considered candidates for antitachycardia pacemaker im- — = 
plantation, for closed chest ablation (with the closed chest technique) of normal or accessory A-V structures, - 
. and in particular, for intracardiac surgery. In this patient any surgical intervention would require interruption of 
_ the His bundle and the manifest left lateral accessory pathway. 


“CASE F REPORTS 


53 Onset o of Atrial Fibrillation During Antidromic Tachycardia: Association With Sudden Cardiac Arrest 
C |" AM Ventricular Fibrillation in a Patient With Wolff-Parkinson-White Syndrome 


FRANCISCO G. COSIO, D. WOODROW BENSON, Jr., ROBERT W. ANDERSON, WILLIAM T. HESSION, 
$ . MARC R. PRITZKER and DAVID G. BENDITT 


; . Electrophysiologic evaluation of an 18 year old man with the Wolff-Parkinson-White syndrome persenting with 

_ an episode of ventricular fibrillation disclosed reciprocating tachycardia of both the A-V nodal reentrant and anti- —. 
.. dromic types. Transition of the antidromic reciprocating tachycardia to atrial fibrillation with a rapid ventricular 
= response was documented and constituted a potential mechanism for sudden cardiac arrest anda reasonable Qu cu 
basis for surgical ablation of the accessory A-V connection. Electrophysiologic evaluation 10 days postopera- ^ 
tively showed modification of A-V conduction with. prolongation of the A-H interval during sinus rhythm, anormal 
; HV. interval en ms) and normal QRS duration. V- conduction was not present, a 
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.. ScanMaster"": Moderately 
- priced, time saving operational 
design. Offers a one-pass dis- 
.criminator and many other fea- 
ures you would expect to find 
nly in the more advanced ICR: 

scanners. 
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-46201A3 Scanner: Compact, 
affordable, dual channel. Fea- 


tures Page Mode to leaf through 


the data on the CRT in 2, 1 or 2 
“minute frames, at 6 selectable 
speeds. Two scan speeds (60x 
or 120x); immediate or delayed 


write out. Other time saving 
features enhance this fine Scan- 
ner. 


: can aster“ “tothe powerful G3 Simplex 
the unique, time saving features that users have come to expect fn pr 

Bach provides the versatility and reliability that you require ina a busy practice. . 
. .— And at ICR it's a design objective to allow you to upgrade products (wit 
snl to meet the demands of an expanding practice. 


6201D3 Simplex Scanner: 
Features the ICR Simplex dis- 


criminator— a one-pass program 
that “learns the patient's normal- 
ECG based on 5 criteria. includes 


all of the features of the A3 and, 
in addition, many advanced 
features including bar graphs, 
histograrns, numeric data and 
a Cumulative Report for a one- 
page review of data. 


ECG data. 


the most demanding conditions, - 
Features the unique ICR timing _ 


When your Patient Depend On You, Pe On Out Technology 


‘TCR #1 in Holter g Siea an 
7 120 Henn Clay Blvd. Liverpool, New York 13088. 


U.S.A. Toll free 800-448-1675. In New York State, call collect 315451 idee : 
TWX 710-541-1544/CABLE: CARDIACRE UPL 


6201 a3 Simplex Holter Catdiography System: j 
All the features of the A3 and D3— plus a Graphic 
Printer for automatic report generation of compre. 
hensive Bar Graphs, Histograms and Analysts 
Summary, Greatly expedites sanning process and 
allows operator to easily a access, anal lyze and veny., 













7200 Recorder Well knowh for. 
its reliable performance under | 


track, and calibration signal. 
Lightweight and comfortable. . 




















nitrates t be v 
combined with: 
beta blockers? - 


"Of course angina pectoris. can 
. not invariably be brought under 
| complete control by nitrate ther 
 apy elone. Therefore, as a sec 
| ond step in the. antianginal 
| program. ít is recommended 
. that refractory cases be given a 
| beta-blocking agent in addition 
| to the existing nitrate. regimen 
| Actually the pharmacologic 
| action of the nitrates is comple 
TE mentary to that of the. beta 
B blockers. the reflex increase in 
| heart rate and contractility asso 
ciated with the formeri is blocked 
; by thelater 
The beta. blockers are deriva 
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: tep-care here? : 
A ents used in the control of 
yocardial . ischemia generally 
act both to reduce myocardial 
xygen demands and: to in- 
tease myocardial oxyden sup- 
ply, but possess the two 
P operties in varying degrees. Of TT TM TT E TUR tives of the beta- -receptor ago 
i nts currently available, the ni- circulation (capacitance vessels) as nist, isoproterencl. Since their primary 
pear tobe best suited forthe — wellas an effect on arterial circulation -effectis to reduce the heart rate at rest 
nt of both these aspects of ^ (resistance vessels). They are. believed  . and in. response to. exercise, these 
tO In fact, both. JOH. . to act. on the “nitrate receptors" in gog l ike the nitrates, a. be effec 
: ia /. vascular smooth- muscle walls t to odd: : oxygen 
- -ger relaxation. 
id angina at "^ Because of their versatiling i iti: is Tatio- | ja 
$ 8n inade- . nalto rely on the nitratesasthefounda- de fe 
en. _ tion. on which a therapeutic progam | 



















































Consensus of the Symposium 


Nitrates are basic in step-care therapy for 
ischemic heart disease 
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“Jo maintain decreased 
blood pressure 
sodium must be excreted 
regularly throughout 
each 24-hour period?” 


In hypertension 


Hygroton 25:::, 
chlorthalidone USP) 


no other diuretic blocks 
sodium retention longer 


Hygroton * 


h artha 


BRIEF SUMMARY 
Indications: Hyperten: adjunctive therapy in edema excessively or receiving parenteral fluids. Medication suchas serum PBI levels without signs of thyroid disturt 
Contraindications: Anur ensitivity to chiorthalidone digitalis may also influence serum electrolytes. Hypokalemia Adverse Reactions: Anorexia, gastric irritation 
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ler sultonamide-derived drug: Warnings: ohould be lay develop with chiorthalidone as with any other potent vomiting. cramping. diarrhea. constipation. jaund« 
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ise, impaired hepatie diuretic. especially with Dnisk diuresis, when severe Cirrhosis ntrahepatic cholestatic jaundice). pancreatitis; dizzin 
present, or during concomitant use of corticosteroids ot vertigo. paresthesias, headache, xanthopsia: leukopem 
ACTH Interference with adequate oral electrolyte intake will granulocytosis. thrombocytopenia, aplastic anen 
allerqy of so contribute to hypokalemia. Digitalis therapy may purpura, photosensitivity, rash, urticaria, necrotizing 
ration of exaggerate metabolic effects of hypokalemia especially with Nguus (vasculitis) (cutaneous vasculitis), Lye s syndrome 
iniaz reference to myocardial activity Any chloride deficit is (TOXIC epidermal necrolysis). Urthostatic hypotension may 
jenerally mild and usually does not require speciile treatment ccur and may be aggravated by alcohol, barbiturates 
he placental except under extraordinary circumstances (as in liver disease narcotics. Other adverse reactions inciude hyper 
int women or renal disease). Dilutional hyponatremia may occur in glycosuria, hyperuricemia, muscle spasm, wea 
] de weighed edematous patients in hot weather. Hyperuricemia may occur restlessness. impotence. Whenever adverse react 
| | or qout be precipitated in certain patients. Insulin moderate or severe. chlorthalidone dosage should 
thrombocytopenia, and possibh requirements in diabetic patients may be increased or therapy withdrawn. Usual Dose: One tablet da 
hi ave occurred in th In decreased, or unchanged and latent diabetes mellitus may How Supplied: Jablets—100 mg. (white, score 
azides cross the placental fa become manifest. Chiorthalidone and related drugs may (aqua) in bottles of 100, 1000 and S000: 25 mi 
TE B the drug is essential, the ncrease the responsiveness to tubocurarine. The bottles of 100 and 1000; unit-dose blister packs 
}. Precautions: Period mitinypertens ve effects of the drug may be enhanced in th 100 (10 x 10 strips) 
electrolytes to detect possible postsympathectomy patient. Chlorthalidone and related drugs Reference: 1. Finnerty, FA.. Jr.: Hypertension: Thi 
should be performed at appropri: lay decrease arterial responsiveness to norepinepnrine Continuing Challenge. Scientific Exhibit, Meeting 
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comes of age 

Apex 215M 


The Cardiologist's Own Nuclear Camera 
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authoritative ipe day Apex 215M is fast 
becoming the cardiologists first choice in 
nuclear imaging. And with good reason. 
Universal Cardiological Capability 
Specifically designed for cardiological use, 
Apex 215M is a compact digital nuclear 
camera — fully mobile and exceptionally 
maneuverable. 

Apex 215M's image quality is far superior to 
that of any other camera. Clinical count rates 
in first-pass studies exceed 200K CPS. 
Resolutions of 1.8 mm bars are particularly 
valuable in Tc and TI scintigraphic studies of 
myocardial infarction and ischemia. And 
superfast data handling enables rest/ exercise 
equilibrium studies at 64 frames per cycle. 
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Photos 1 & 2: Apex 215M's high count rates enable superior 
definitive first-pass studies. Typical of its capabilities are global 
and regional ventricular function analysis and direct 
quantification through volume. 
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Todays knowledgeable cardiologist appreciates 
Apex 215M's broad spectrum of dedicated 
software: 

m Global and Regional Ejection Fraction 

m End Diastole/Systole Volumes 

m Paradox Imaging 

m Fourier, Phase and Amplitude Imaging 

and many more. And an entire new series of 
Apex cardiological programs is currently 

being tested. 


elecint INC. 


930 Commonwealth Avenue, 
Brookline, Mass. O2215, U.S.A. 
Call Toll Free: 800-343-9504. 


Photos 3 & 4: Apex 215M can clearly display various global 
and regional functions on a single image monitor. In these 
examples, ventricular functions in a resting heart appear above 
the lower image compares the resting heart with two different 
intervention situations. 








ZYLOPRIM 
(allopurinol). 










E From Burroughs Wellcome Co. - the 
discoverer and developer of allopurinol 


W Patient starter/conversion kits available 
for easy titration of initial dosage 


W Patient compliance pamphlets available 


Bi Continuing medical education materials 
available for physicians 





Prescribe for your patients as you would for yourself. 


Write “D.A. W, ” “No Sub,” or “Medically Necessary, " 
as your state requires, to make sure 
your patient receives the original allopurinol. 


Research Triangle Park 


Burroughs Wellcome Co. 
Wellcome / North Carolina 27709 








- MAURICIO B. ROSENBAUM, MD, FACC Alterations in the sequence of ventricular activation (left bundle branch 
. HORACIO H. BLANCO, MD block occurring spontaneously or induced by atrial pacing; right ventricular - 
. MARCELO V. ELIZARI, MD, FACC pacing) were studied and shown to induce two opposite changes in the - 
qma O. LAZZARI, MD order of ventricular repolarization. One, which causes classic secondar 
oe PANIES UM T wave changes, occurs and disappears instantaneously, and is propor a 
"Buenos Aires, Argentina tional in magnitude to the QRS complex but of opposite direction. The | 
ebd other, which requires a long time to reach its maximal effect and to be 
dissipated, shows the same direction as the abnormal QRS forces but - 
becomes apparent only when normal activation is restored. The former - 
is a well known consequence of prolongation of the activation time, but - 
the latter appears to be modulated by electrotonic interactions occurring - 
during cardiac activation, in such a way that repolarization is delayed in. 
sites where depolarization begins, and accelerated in sites where de- - 
polarization terminates. Our study suggests that electrotonically modulated — 
T wave changes show accumulation and memory, and may persist for - 
days or weeks after the provoking stimulus (the change in the activation - 
sequence) is discontinued. The fact that any shift of the activation se- 
quence may produce “pseudoprimary” T wave changes that may persist 
long after cessation of the triggering factor has wide clinical implications. 
Electrotonic modulation of ventricular repolarization is a basic electro- 
physiologic mechanism that may account for several features of normal - 
and abnormal T waves, and for the possible existence of a hei uto 
memory. : 




























For many years, it has been assumed that T wave changes are eithe 
primary or secondary in nature, ? and that this classification covers a 
possible T wave abnormalities occurring in the human electrocardi 
gram.? Secondary T wave changes are those provoked by variations i 
the activation sequence, whereas primary T wave changes occur as in 
dependent phenomena. The latter are considered to imply. a change i i 
ventricular gradient, but the former are not.?-4 - 
In this report we present evidence suggesting that a changes in. 
sequence of ventricular activation also may provoke variations in 
duration of the excited state which alter the ventricular gradient à 
apparently cause primary T wave abnormalities. We will describe a 1 
mechanism by which ventricular depolarization modulates the orde 
rom the Service of Cardiology and Department ventricular repolarization. We will also show that the effects of 
: modulation enjoy the properties of “accumulation” and “memory”; t 

is, the change in duration of the excited state takes a certain t 
become apparent, a very long time to reach its maximal e 
revert (when the activation sequence is brought back to co 

tions), and occurs in a shorter time v /'hen the heart has pi 
harm  Conditioned by the same pertu emons e: 

jai, — we will analyze: (1) the effe 

iha. Tof E ventric ular pacin; 
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| Results 


^ “Postponed” E Effects of Left Bundle Branch Block on 
7 Ventricular Repolarization 


_ Clinieal cases of intermittent left bundle branch 
| block: It is well known that the onset of left bundle 
_ branch block gives rise, instantaneously, to secondary 
. T wave changes such that the T vector is opposite in 
direction to the main QRS forces. This change is asso- 
ciated with upright T waves in the right precordial leads 
. and leads III and aVF. However, it has also been re- 
- ported?-'? that, in patients with intermittent left bundle 
- branch block, deeply inverted T waves tend to occur in 
these same leads when normal conduction is restored. 
Atypical example is illustrated in Figure 1. These 
_ postponed T wave changes show, fundamentally, the 
same direction as that of the QRS forces provoked by 
the left bundle branch block. This is apparent in each 
of the 12 leads of the conventional electrocardiogram 
(Fig. 1) as well as in the corresponding vectorcardiogram 
(Fig. 2), suggesting that the sequence of repolarization 
might have been determined by the left bundle branch 
- block. In other words, the T waves during normally 
E conducted beats seem in some way “to remember" the 
- QRS complex of the abnormally conducted beats, as 

pointed. out by Denes et al.!? We found that this be- 
havior was constant in 85 cases of intermittent left 
bundle branch block, provided that the conduction 





















i disturbahice had i 
period of time (several hou 


IGURE 2 TUBE CIA from the same patient. In each of the three planes, the T loop during normal conduction (eta and the ors 
Yi ing left bundi bi anch block i (right) e exhibit a similar direction. F= * frontal piane, "e horizontal ri Su * sagittal wae Tc. 











T wave changes ina: case ouf left bundle ! ranch 
block evoked by atrial pacing: To obtain more precise 
information about. this “time-dependent” effect of left 
bundle branch block, we performed the following study. 
À 46 year old woman without obvious heart disease was 
found to manifest left bundle branch block when the 
heart rate was moderately increased. The resting elec- 
trocardiogram was within normal limits (Fig. 3A). An 
electrode catheter was introduced into the right atrium 
and the heart was paced at a rate of 100 beats/min, 
thereby inducing the continuous presence of left bundle 
branch block (Fig. 3C). Àn electrocardiogram recorded 
after 96 hours of pacing (Fig. 3B), while the heart was 
not being paced, showed inversion of the T waves in 
leads Vi to Va and aVF. By briefly interrupting the 
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FIGURE 3. Left bundle branch block induced by atrial pacing. Normal conduction was persistently present during normal sinus rhythm (panel A) 
when the heart rate was 65 beats/min. Panel C was recorded during atrial pacing at a rate of 100 beats/min, and panel B after 96 hours of continuous 
pacing (the heart rate was 72 beats/min). The QRS complex of paced beats and the postpacing T waves show a similar direction. 


pacing at periodically set intervals in order to record an 
electrocardiogram while the heart was not being paced, 
it was possible to follow the change in the T wave as a 
function of the duration of pacing (Fig. 4A). Inversion 
of the T wave progressed in a rather rapid fashion dur- 
ing the first hours and reached an apparent plateau after 
24 hours of pacing. However, the T wave inversion in- 
creased substantially when, after 95.5 hours of pacing, 
the pacing rate was increased to 140 beats/min for 30 
minutes. Figure 4B shows the regression sequence after 
pacing was discontinued and left bundle branch block 
was no longer present. The T wave reverted to normal 
in a gradual and nearly linear fashion, although the time 
to reversion was longer than that required to induce the 
maximal change. The first discernible change in the 
shape of the T wave occurred after the first 15 minutes 
of pacing. These results confirm that left bundle branch 
block induces a change in the order of ventricular re- 
polarization that needs several minutes to become 
manifest, many hours to reach maximal intensity and 
even more hours to disappear. The findings thus pro- 
vided the first evidence that this effect shows “accu- 
mulation." 


Effects of Right Ventricular Pacing 


In 1969, Chatterjee et al.!^ reported that after the 
endocardial surface of the right ventricle had been 
paced, negative T waves occurred in leads V, to Və or 
V3 to V5 in the electrocardiogram of the nonpaced heart. 
However, because the degree of T wave inversion ap- 
parently depended on intensity of the pacing stimulus 
(as will be seen later, it was, in fact, a result of the cu- 
mulative effects of pacing). Chatterjee et al. postulated 
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FIGURE 4. T wave changes (lead V5) in uV/s as a function of the du- 
ration of pacing (corresponding to the case illustrated in Fig. 3). A, - 
progression of the T wave changes during continuous pacing. B, re- - 
gression of the T wave changes after pacing was discontinued. The - 
pacing rate was 100 beats/min; during the last 30 minutes of pacing, 
the rate was increased to 140 beats/min. | 
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that the T wave change was mainly a consequence of the 


“artificial” depolarization. That this is not the case is 
apparent from our present results, in which sponta- 
neously occurring left bundle branch block and left 
bundle branch block induced by atrial pacing evoked 


_ similar changes. It is thus clear that it is essentially the 


change in the activation sequence, whether occurring 
naturally or artificially induced, that persistently 
modifies the order of ventricular repolarization. Because 


. most of the patients studied by Chatterjee et al.!^ had 


complete atrioventricular (A-V) block or severe intra- 
ventricular block, we studied the effects of right ven- 


. tricular pacing in eight subjects with a normal heart and 


FR. 
Dog 


normal electrocardiogram. 

The first T wave changes: These were studied in six 
cases. The first discernible changes consisted in flat- 
tening or notching, or both, of the T waves in the leads 
in which these waves later became negative. In four 


— cases in which the pacing rate was 100 beats/min, the 
. first changes occurred after 15 minutes. In two other 


cases in which the pacing rate was 120 and 140 beats/ 
min, respectively, the first T wave changes appeared 
after 10 minutes of pacing. Similar results were reported 


— by Chatterjee et al.!4 


aes 


GC 


Magnitude and spatial orientation of the T wave: 
Table I describes the maximal changes achieved in five 
patients in relation to the duration, site and rate of 
pacing. The most pronounced changes occurred in leads 


_ V; to Va or V4 and less consistently in V5, Va and III. In 


.. each case, the T waves of nonpaced beats showed a di- 
. rection nearly identical to that of the QRS complex of 


V Uu 
a! 


. paced beats. This fact was particularly apparent when 
variations in the pacing site provoked substantial 


changes in the paced QRS complex (Fig. 5 and 6). 
The T wave changes progressed gradually and uni- 


_ formly during the first 30 to 60 hours of pacing. The 


course of progression was rapid in comparison with the 


. regression course (Fig. 7). However, it was difficult to 
. determine the duration of pacing needed to reach a 
_ plateau; in fact, no plateau was reached in any of the 


TPG Ss 


first four cases for which the regression course was 


_ charted (Table I). In some of the cases of Chatterjee et 
_al.!* in which longer pacing periods were possible due 


to the presence of heart block, a maximal effect was 


_ reached only after 12 to 14 days of pacing. 


Tæ 


Table I shows that the time needed for the T waves 


- toreturn to control configuration ranged between 8 and 
_ 88 days, and Figure 7 depicts diagrammatically the 


. regression course in one of the studies. The regression 
. time correlated with the maximal effect achieved during 
— pacing. Thus, regression lasted 38 days in Cases 1 and 
. 8, in which the T wave had changed by 5 and 3.5 mV in 
- leads V2 and V3, respectively. In Cases 2 and 4, in which 
. the maximal changes amounted to 1.25 and 1.75 mV, 
. respectively, regression time was much shorter. In other 
. words, the recovery time seemed to depend in some way 
. on the magnitude of the change attained during the 
. pacing period. 
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Short pacing periods: the *memory" effect: We 
have shown that during continuous right ventricular 
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T Wave Changes After Right Ventricular Pacing in Five Cases 
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gh a pS cümiulative fashion. The fact that 
sponse to a persistent but unchanged stimulus 
epresented by the abnormal activation sequence) was 
to exhibit the gradual potentiation (Fig. 4 and 7) 
ested to us that the heart was in some way “learn- 
ig’ to react with greater intensity to the same pertur- 
ation. To test this hypothesis, in two cases we admin- 
tered discontinuous trains of pacing lasting 15 min- 
utes each, separated by nonpacing intervals lasting as 
long as needed for the pacing-induced changes to revert 
0 the control condition. In one of these studies in which 
10 trains of pacing were administered (Fig. 8), each 
successive train induced a greater degree of change than 
ie preceding trains, and the 10th train caused in 15 
inutes as much change as that seen in other cases after 
several hours of continuous pacing. Similar results were 
ed in rm second Mia, in which later trains s also 








FIGURE 7. Case 1, Table I. Progression ie 
and regression of the T wave changes — 
(lead V5) induced by right ventricular : 


pacing. 


after the provoking stimulus is discontinued and its 
effects are no longer apparent, the myocardial cells in- 
volved in this process seem to keep a ^memory" of the 
previous effect or to behave as though they had been 
Vini: ME by previous exposure to the same stim- : 
us. 3 
Role of the pacing rate: Faster pacing rates induce is 
T wave changes in relatively shorter times. In addition, 
rapid increments of the T wave changes can be observed © 
when the rate of pacing is abruptly increased after an | 
apparent plateau (Fig. 4A). However, the accumulation . 
and memory effects make it difficult to compare the. 
results of different pacing rates in the same patient. To © 
overcome this diffculty, we compared the effects of | 
different rates when a pacing train at a relatively slower _ 
rate (100 beats/min) followed pacing trains at a faster — 
rate (130 beats/min). Despite the memory effect, 
slowing the rate from 130 to 100 beats/min greatly di 
minished the magnitude of the response. Although a 
precise quantitative relation cannot be established, 
these several observations suggest that the resulting - 















FIGURE B. T wave Bolsa induced by 10 discontinuous l 
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Maximal ^ Maximal 
Change Recovery Control Change 


|. 812 455 464 464 
: 524 2417 565 548 
58 492 . 458 451 451 
427 . 390 —— 433 507 480 
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effect may depend on the total number of paced beats, 
-that is, the product of the pacing duration times the 
= pacing rate. 

. The Q-T interval: Table IH shows the duration of the 
< Q- T, interval during normal and abnormal intraven- 
- tricular conduction, when the T waves were normal and 
_ when they were deeply inverted because of the effect of 
_ right ventricular pacing. No consistent changes could 
_ be demonstrated. Chatterjee et al.!* reported similar 
- results. 
|. The ventricular gradient: The effects of left bundle 
- branch block and right ventricular pacing on ventricular 
-repolarization were apparent only in normally con- 
-ducted or nonpaced beats. However, we must assume 
` that these effects were present during the complexes 
-= with an abnormal QRS configuration, probably masked 

‘by the secondary T wave changes. To examine this hy- 
“pothesis, we measured the local ventricular gradient in 
. leads in which the effects were clearly apparent (Fig. 9). 
— At the onset of right ventricular pacing, the ventricular 
_ gradient was normal or practically unchanged, but a 

“significant change occurred after pacing had been 
: maintained for the time needed to provoke marked T 
..wave changes. Similar results were obtained in four 

ther studies, including the case in which left bundle 
branch block was induced by atrial pacing. 






* effects of left bundle branch block and right ventricular 
E pacing on ventricular repolarization are only apparently 
. “postponed.” They are present when intraventricular 
conduction is abnormal, although obscured by the sec- 
ondary T wave changes. (2) When left bundle branch 
"block or right ventricular pacing lasts for the time 
~ needed to provoke a distinct effect, the T wave results 
< from a balance of two different forces: One, which causes 





the secondary T wave changes, occurs instantaneously - 


- and is proportional in magnitude to the QRS area but 
~ opposite in direction; the other takes a long time to 
< develop and shows the same direction as the QRS forces. 

'his suggests that a change in the activation sequence 
es not one, but two opposing changes in the order 
tricular repolarization; both of these are secon- 
although i in classic terms one seems to be truly 


) j, whereas the other appears to ihe primary in 
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VG-18,V/sec. vG-48 wiser a 
FIGURE 9. Effects of persistent right ventricular pacing on the 
tricular gradient (VG), measured in uV/s in lead V5. Hs = hours 


Discussion 





Mechanism of T Wave Modulation: Electrotonic - 
Modulation of Recovery in Experimental Studies - 


Abildskov? and Toyoshima and Burgess? studied a 
(indirectly) the repolarization process of the. canine 
heart by measuring the functional refractory period of 
the ventricular muscle while pacing from different. 
testing sites. They were able to demonstrate that “the _ 
sequence of excitation affects local recovery proper- 
ties." Burgess et al.5 had already suggested that *nor- - 
mal ventricular recovery properties are inversely relate 
to activation sequence" or, as stated by Autenrieth 
al., “the duration of recovery tends to shorten duri 
the course of activation." Abildskov? and Toyosh 
and Burgess? attributed this effect to electroton 
teractions operating during the excitation proce: 
example, the site where repolarization ought to 
(as dictated by the order of depolarization) will b 
rounded by fully depolarized tissue which, by ex 
a depolarizing influence, will tend to prolong ih 
potential duration. In contrast, the site or site 
repolarization is expected to end (again as dict 
the order of depolarization) will be surround 
repolarized tissue which will tend to shorten the. 
potential duration. 

These electrotonic interactions result fon th 
known fact that, if adjacent muscle fibers differ 
state of activity, there must be an electromoti 
across and normal to the plane that separates 
Pertinent to this study is that these 
actions ca to create | a Tepot ariza 




















































t eae branch block and I venisicilar pacing 
. as merely convenient models for studying T' wave 
- modulation in the human heart and uncovering its pe- 
_ culiar properties. Using these models, we found that the 
effects of T wave modulation on the surface electro- 
ardiogram are mainly determined by the order and 
uration of the depolarization process, and by the ac- 
'umulation and memory effects. Thus, if the activation 
ime is short and the QRS complex is narrow as in a 
iormally activated heart, the modulating effect will 
yredominate over the secondary effect, resulting in a 
~ concordant QRS-T relation. Conversely, if the activa- 
- tion time is long owing to a conduction disturbance or 
o a longer pathway, as may occur in a large or hyper- 
rophied heart, the secondary effect may outweigh the 
lectrotonic modulation, giving rise to a discordant 
QRS-T relation. 

. Cumulative and memory effects: One of the most 
emarkable properties of the electrotonic modulation 
_of the T wave is its cumulative effect. Colloquially, it 
- may be said that the electrotonic modulation “teaches” 
_ the cardiac cells to repolarize in a particular order, and 
- that the longer the teaching lasts, the better the cells will 

“learn” the lesson. Once the cells have learned the les- 
on, they will continue repolarizing in the same order 
ven when the provoking stimulus has been removed 
and a new activation sequence starts teaching them a 
different lesson. The mechanism of this fascinating 
ectrophysiologic behavior is unknown but, whatever 
.he cause, our studies suggest that when a change in the 
ictivation sequence provokes electrotonically mediated 
T wave changes, such changes gradually increase to 
each a plateau only after several days (or weeks), and 

eir dissipation appears to take a much longer period 

e. us 
do not know whether it is permissible to draw an 
ogy between the “heart memory" described in this 
iper and the processes of storage and retrieval, or 
arning and remembering, that occur in the central 
us system. 15 However, there may be some resem- 
between our observations and some experiments 
ned on the central nervous system. Thus, several 
=18 , lensonstrated that brief periods of 
















































| lavardin' * tachycardia. 27,28 If discontinuous bursts. of | 





in xi (hio arse poni of $0-callec modifiable synapses. 
It is also worth mentioning that memory has been de- 
scribed as occurring when the excitability threshold is 
tested after a previous conditioning train of effective 
stimuli”? in the dog heart in vivo, and when the excita- 
bility of the slow response is tested after previous inef- 
fective conditioning stimuli in an in vitro prepara- 
tion?! 


Clinical implications 


The ability of any shift in the activation sequence to 
produce T' wave changes that may persist long after 
cessation of the triggering factor has wide clinical im- 
plications. We have confirmed that the mere occurrence 
of left bundle branch block may produce deeply nega- 
tive T waves during subsequent normalization of con- 
duction. Because left bundle branch block commonly 
results from or coexists with ischemic heart disease or 
cardiomyopathy, which also may cause abnormal T 
waves, important diagnostic problems may arise. We 
also confirmed that T waves resembling those of myo- 
cardial infarction invariably occur after right ventricular 
pacing.'4 Because permanent or transient pacing from 
the right ventricle is widely practiced, it is important - 
to recognize these “pseudoprimary” T wave changes to 
avoid making an erroneous diagnosis.?? 

A shift of the activation sequence can cause pseu- 
doprimary T wave abnormalities under other circum- 
stances. These include the massive T wave inversion in 
some cases of complete A-V block with a wide QRS 
complex,” single or combined forms of fascicular block, 
ventricular preexcitation, the so-called post-tachycardia 
syndrome,?*-?6 Gallavardin's tachycardia?’:23 and some 
postextrasystolic T wave changes.??-?! We will limit the 
present discussion to the post-tachycardia syndrome 
and the “postischemic” T waves. 

Post-tachycardia syndrome: In some cases of 
ventricular tachycardia, T waves remain inverted for 
hours, days or weeks after the termination of each at- 
tack.*4 Cases in which the T waves remain abnormal for 
up to 2 months have been reported.?5 Similar changes 
have been shown to occur after episodes of supraven- 
tricular tachycardia with aberrant ventricular con- . 
duction.?9 Although factors such as rapid heart rate or 
presumptive coronary insufficiency may play a role in 
some cases, the most striking feature, as noted by oth- 
ers,?^?5 is that the post-tachycardia T waves show the 
same direction as that of the QRS forces during the 
tachycardia (Fig. 10). This finding suggests (1) that 
modulation of ventricular repolarization with accu- 
mulation and memory occurs in response to the altered 
ventricular activation provoked by the tachycardia; and 
(2) that this is the basic mechanism underlying most, | 
if not all, cases of post-tachycardia syndrome. Because 
of the cumulative effect, the tachycardia need not be 
continuous for the T wave changes to occur. This is- 
commonly : seen in the repetitive salvos known as Gal- | 


FIGURE 10. Panel A, supraventricular tachycardia (rate aVR 
170 beats/min) with aberrant ventricular conduction in 
a 21 year old man without obvious heart disease. The 
tachycardia lasted 24 hours. Panel B, after reversion to 
sinus rhythm. The rate is 54 beats/min and deeply in- 
verted T waves have developed in all leads in which the 
QRS complex was negative during ectopic rhythm. Nor- 
malization of T waves occurted after 19 days. Other at- 
tacks of tachycardia were followed by similar changes. 
The aberrant QRS complex during the tachycardia shows 
a pattern of right bundle branch block with left anterior 
hemiblock, and the T wave changes are representative 
of those that may follow the occurrence of such con- 
duction abnormality. Adapted, with permission of the 
British Heart Journal, from a case reported by Ker- 
nohan.?$ 


ectopic activity may induce significant T wave changes, 
it is reasonable to assume that a similar response may 
be provoked by frequent ventricular extrasystoles.?93! 
In all such cases, the revealing feature is the fact that the 
pseudo-primary T waves show a direction similar to that 
of the QRS complex of the ectopic beats. 

Do ischemic T waves have a memory? The 
*postischemic" T waves: The muscle destruction 
provoked by a sizable myocardial infarction must cause 
a change of the activation sequence. Theoretically, this 
should be able to induce electrotonically modulated T 
wave changes; however, these will not be easily distin- 
guished from those provoked by the ischemia itself. In 
support of this hypothesis are the following observa- 
tions: (1) The negative T waves of myocardial infarction 
represent a late and long-lasting phenomenon. (2) When 
the deep Q waves of infarction do appear, they are fol- 
lowed after a variable “latency” by the occurrence of 
inverted T waves in the same leads. The fact that the 
QRS and T wave forces have a similar direction may 
suggest electrotonic modulation. (3) In patients in whom 
the healing of myocardial infarction has been com- 
pleted— that is, several months after the acute episode, 
it is not uncommon to see persistent inverted T waves. 
Lepeschkin?4 introduced the term “postischemic” T 
waves to emphasize the apparent occurrence of the in- 
verted T waves not at the time when the ischemia is 
maximal, but when it has lessened or is perhaps no 
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longer present. Therefore, it may not be unreasonable 
to postulate that the long persistence of inverted T 
waves after an acute myocardial infarction might, at 
least in some cases, result from electrotonic modulation 
and not entirely from ischemia. 


Reinterpretation of the Ventricular Gradient 


The main source of the ventricular gradient is the 
nonhomogeneous duration of recovery of the ventricular 
muscle, but its precise mechanism is still unclear.9* 
The present observations, as well as previously reportec 
experimental data,5-? support the view that the norma 
ventricular gradient may be due to electrotonic inter. 
actions occurring during the activation process. Thi: 
mechanism prolongs the action potential duration a 
sites where depolarization begins, and shortens it at site: 
where depolarization terminates, so that depolarizatiot 
and repolarization tend to proceed in opposite direc 
tions. Moreover, if the activation time is not unduly lon; 
or if changes produced by prolongation of the activatioi 
time are subtracted, the sequences of depolarization an 
repolarization always tend to oppose each other and t 
produce concordant QRS-T waveforms, even when th 
heart is activated in an order other than normal. Ou 
studies also suggest that accumulation and memory ma 
play dominant roles in the creation of a ventricula 
gradient. Accordingly, if a normal heart starts beatin 
for the first time, the first beats would not show the full 
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developed gradient, and several hours or days of con- 
tinuous beating would probably be needed to achieve 
the concordant QRS-T relation of the normal electro- 
cardiogram. By the same token, if the activation se- 
quence were suddenly changed (for example by pro- 
voking left bundle branch block), a new gradient would 
be created through the same slowly accumulating effect 
of electrotonic modulation. 

If electrotonic modulation of repolarization is, as we 
assume, an obligatory consequence of the sequential 
excitation of cardiac muscle, some very old dogmas need 
to be reexamined. For example, it has been repeated for 
years that "in a homogeneous region of the heart the 
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time-voltage areas of R and T are equal and of opposite 
polarity."*?? However, in our view, such homogeneity 
(one in which action potential duration is uniform) 
cannot exist. Once ventricular activation starts in a 
given sequence, the action potential duration must 
necessarily become longer where depolarization begins 
and shorter where it ends, so that a gradient is being 
created as the activation process continues. Our studies 
also show that the old dogma that the ventricular gra- 
dient is independent of the activation sequence is no 
longer tenable. Other investigators?*34 have already 
suggested that bundle branch block might change the 
ventricular gradient significantly. 
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cti udden Death by Electrophysiologic Studies in 
Risk Patients Surviving Acute Myocardial Infarction — 


] . repetitive responses. in a group of high. risk 
infarction to define furt | | ! 






Seventy patients surviving a myocardial infarction codiplicáh od by he 
failure or arrhythmias, or both, were studied 7 to 20 days. after the ir 
farction. Twenty-four hour electrocardiographic ambulatory monitorin 
and intracardiac electrophysiologic studies were performed | in each pa 
tient. Electrophysiologic studies included introduction of single rigt 
ventricular premature stimuli during sinus rhythm (70 patients), atri: 
pacing (35 patients) and ventricular pacing (70 patients) at a stimulati n 
voltage of 2 V, with the use of higher stimulating voltages (up to 10 V 
and double right ventricular premature stimuli in 33 patients and pacin 
at a second right ventricular site in 50 patients. A repetitive response wa 
defined as two or more spontaneous ventricular depolarizations in 
sponse to the premature stimuli, with His bundle reentry and aberrat 
conduction of supraventricular impulses excluded by a His bundle r 
cording. Repetitive responses were initiated in 20 patients, and 12 patien 
had responses that were either sustained ventricular tachycardia 
self-terminating ventricular tachycardia of more than five complexes in 
duration. The finding of a repetitive response was not related to the o 
currence of complex ventricular arrhythmias during ambulatory monii rir 
or in the coronary care unit. | p 
Five of the 12 patients with sustained or self-terminating response 
more than five complexes died during the 12 month follow-up period, 
suddenly, and these responses were significantly associated with la 
sudden death (p «0.05), because only 1 of 25 patients with response 
of fewer than five complexes or no response to maximal provocation t i 
suddenly. It is concluded that induced responses of more than five co 
plexes in duration may be an important indicator of a potentially revers 
risk of sudden death after myocardial infarction. B. 








































In patients who survive a myocardial infarction there is still a zisk 
sudden death during the months after hospital discharge.! Altho 
ventricular function is a major determinant of subsequent progn 
the mechanism of sudden death is frequently primary ventric 
brillation or ventricular tachycardia.’ B 
Assessment of the electrical stability of the heart is ad ei 
to examining this problem. A method of assessing electr: 
the heart in patients who survive myocardial infarction 
by Greene et al.,* whose results suggest that repetitive respon 
right ventricular premature stimuli during atrial pacing m: 
dictor of subsequent mortality. However, these findings has 
corroborated, and several investigators? have sugge: 
duction of repetitive responses is unrelated to the out 
with organic heart disease and chronic recurrent ventr 
occurring long after infarction. In this study we 














e e role. of: 





of the heart 


lates for sudden death 
-an acute myocardial in- 
the study only if (1) they 
ial infarction, diagnosed on the 
nist examination and serial electro- 
cand serum enzyme analysis; and (2) their in- 
“was associated with some form of mechanical or 
il complication. Mechanical complications included 
failure, as assessed from daily chest roentenograms and 
al examination, and peripheral circulatory failure. 
al complications included disturbances of impulse 
ation in the atria and ventricles and the development of 
luction abnormalities. Written informed consent was 
btained from each patient before inclusion in the study. 
Mi patients were observed in a coronary care unit for at least 
8 hours. Continuous visual electrocardiographic monitoring 
3 performed, assisted by rate alarms and a continuous re- 
ording of the cardiac rhythm on magnetic tape for playback 
id analysis of any rhythm disturbance. Forty percent of the 
atients received prophylactic intramuscular lidocaine before 
hospitalization. After discharge from the coronary care unit, 
1e patients were placed in a general medical ward without 
)ntinuous electrocardiographic monitoring. However, close 
tention was paid to any recurrence of chest pain or symp- 
ms suggestive of an arrhythmia, and a 12 lead electrocar- 
iogram or serum enzyme determinations were performed 
henever indicated. 
Further studies were performed 7 to 20 days (median 11) 
ter the last episode of chest pain associated with an increase 
erum enzyme levels (this episode occurred at the time of 
Imission in all but two patients). Studies were performed just 
9efore discharge from the hospital, and were completed within 
| to 36 hours. 
Electrophysiologic studies: Patients underwent elec- 
ophysiologic studies in the fasting state, without premedi- 
tion. In 20 patients prescribed antiarrhythmic drugs in the 
ronary care unit for arrhythmias, administration of these 
ugs was stopped 48 hours before the study and the patients 
ere readmitted to a monitoring bed. Blood levels of the rel- 
ant drugs were checked at the time of the study and found 
e subtherapeutic in all patients. Administration of digoxin 
ontinued in 18 patients, and blood level measurements 
he study confirmed a nontoxic state in each. Serum 
evels were also checked before the study, and re- 
ormal (3.5 to 5.5 mM/liter) with potassium sup- 
necessary. A solution of 1 percent lidocaine, 10 to 
used as a local anesthetic agent, and in 27 consec- 
nts blood was drawn from an arm vein for deter- 
serum lidocaine level at the end of the study. 
anged from 0.3 to 2.1 ug/ml (mean 0.83) and were 
therapeutic range (1.2 to 5.0 ug/ml) in all but three 





















































catheter electrodes were inserted percutaneously into 
al vein and advanced to the right heart chambers 
ic control. A tripolar catheter was positioned 
riscupid valve to record a His bundle electrogram 

lar electrode was used to pace and record from 
he high right atrium or the right ventricle. Surface 
tic leads I, II, V; and Ve, together with two 

















ty patients were. 





reached. A second right ventricular site (for example, the 
outflow tract) was then used if no response was elicited from 
the apex. 

A more aggressive protocol was used in 33 patients who 
showed no response to the pacing methods described. The 
stimulating voltage was progressively increased in order to 
reduce the effective refractory period of the ventricle and so - 
capture it at shorter coupling intervals than before. If neces- 
sary, double right ventricular extrastimuli were employed in 
a method similar to that previously described to induce ven- 
tricular tachycardia,? using 2 V initially and, finally, higher 
voltages (4 to 10 V). 

Definition of a positive repetitive ventricular response: 
Any spontaneous ventricular response that oecurred after the 
introduction of a timed ventricular extrastimulus was exam- 
ined. Single ventricular complexes were not considered fur- 
ther; two or more complexes were considered in detail. 

Intramyocardial reentry was favored by a distinct change 
in the frontal axis and configuration of the QRS complex, with 
an absence of intervening His bundle deflections.? 

His bundle reentry was identified using established crite- 
ria,!? and analysis of the atrial complexes recorded in the His 
bundle electrogram allowed atrial (or sinus) impulses con- 
ducted with ventricular aberration to be identified. Responses 
of short duration (fewer than five complexes) were either 
clearly identified as indicating His bundle reentry or classified 
as indicating some form of intramyocardial reentry if any 
doubt existed. Longer responses (five or more complexes) were 
presumed to indicate intramyocardial reentry because His 
bundle reentry rarely produces such sustained responses, !! 

Sustained ventricular tachycardia was defined as ven- 
tricular tachycardia requiring pacing or cardioversion for 
termination and seen to last for at least 30 seconds unless 
symptoms dictated earlier intervention. Self-terminating 
ventricular tachycardia was defined as ventricular tachy- 
cardia observed to terminate spontaneously. Reproducibility 
was considered established if a self-terminating response was 
observed on two or more occasions. Sustained responses were 
similarly tested for reproducibility provided that cardiover- 
sion was not required for termination. 

Ambulatory electrocardiographic monitoring: 
Twenty-four hour ambulatory electrocardiographic moni- 
toring was performed after all antiarrhythmic drugs (except 
digoxin) had been withdrawn. High fidelity cassette recordings 
were made using an Oxford monitor and analyzed. The fre- 
quency, configuration and timing of any spontaneous ven- 
tricular complexes were classified according to the method of 
Lown and Wolf.!? 

Follow-up data: All patients were followed up at regular 
intervals by telephone or through the hospital coronary care 
follow-up clinic. Although some patients were continued on 
antiarrhythmic drug therapy prescribed during their hospital 
stay, no patient was prescribed an antiarrhythmic drug as a 
direct result of the electrophysiologic study. In three patients 
with inducible sustained ventricular tachycardia the effects 









. f ongoing drug therapy were noted at a second follow-up 
. . electrophy nera 


siologic study a few days later. During the follow-up 












Eru Unusual tinding of a EEN response 
during sinus rhythm by double extrastimuli 
at the right ventricular apex. This was the 

sponse produced i in the patient and only 
(ith a stimulating voltage of 10 V. The ini- 
omplex (*) appears to be due to His bundle 


itraventricular reentry. The panel i is arranged with 
surface electrocardiographic leads |, lit, V. and Vg 
«above electrograms from the right ventricular (RV) 
|. "apex and His bundle region (HBE). Time lines below 
5s the panel are 1,000 ms apart. ! 


=< a clinically manifest ventricular arrhythmia. The families of 
the deceased patients were interviewed and sudden death was 
... defined as unexpected death within an hour of the onset of any 
S symptoms. 
soo Statistical methods: Nominal scaled variables were ana- 
_ lyzed with the chi-square test. For 2 X 2 tables with expected 
cell frequencies of less than 5, analysis was performed using 
« Fisher's exact test. 






Results 


Patient data: Seventy patients, 58 men and 12 
Um Women aged 35 years to 76 years (mean 59), were in- 
cluded in the study. Sixty-four patients manifested new 
pathologic Q waves in the electrocardiogram; the other 
six patients presented with left bundle branch block 
(two patients) or electrocardiographic changes confined 
to the S-T segments and T waves (four patients). All 
patients had a rise and fall in serum enzyme levels, al- 
^... though total creatine kinase levels were affected by di- 
rect current cardioversion in 13 patients. Each of these 
-I3 patients had a significant elevation in creatine kinase 
MB levels (normal less than 5 percent of total creatine 
kinase level), which was of diagnostic value in 8 patients 
| who required cardioversion on one occasion only.!? 
Excluding these 13 patients, the mean (+ standard 
|. deviation) of the maximal creatine kinase level recorded 
-in the other 57 patients was 1,496 + 481 IU (normal 
|. -value less than 140), and the mean of the maximal as- 
=< .partate transaminase levels for all 70 patients was 318 
^x 195 IU (normal value less than 40). Myocardial in- 
— . farction was complicated by heart failure in 56 patients 

and by peripheral circulatory failure in 5. 

i Forty-one patients manifested ventricular ar- 
irhythmias i in the coronary care unit; the most severe 
-form of the arrhythmia was primary ventricular fibril- 
|. lation in 13 patients, ventricular tachycardia (three or 
. . more complexes) in 9 patients and frequent ventricular 
premature complexes in 19 patients. Supraventricular 

ythmias were seen in 42 patients, including frequent 
atrial ectopic beats/atrial fibrillation (26 patients), su- 
ventricular tachycardia (2 patients) and sinus 






















rdia (19 patients). A new frontal QRS axis or — 
indle è branch block, or ‘both, Aeveloped i in 12 patients, — to2.l gir 









pacemaker developed in 8. All patients included in 1 the 
study had one or more of the preceding risk factors for 
subsequent sudden death.!4!5 Only 3 of the 22 patients 
with ventricular tachycardia or ventricular fibrillation 
had a history of prior infarction, and none had a history 
of chronic recurrent ventricular tachycardia or ven- 
tricular fibrillation. d 
Responses to ventricular pacing: Twenty patients 
showed a positive intramyocardial response to some 
form of ventricular stimulation. In only two patients was 
the positive response induced during sinus rhythm and 
only with double extrastimuli (Fig. 1). In the other 18 
patients the response was achieved with single and 
double ventricular extrastimuli during ventricular 
pacing (Fig. 2 and 3). A second right ventricular pacing 
site (outflow tract) was used in 50 patients without 
significantly contributing to the results. — P 
Two clear groups emerged—8 patients with sus: 
tained ventricular tachycardia and 12 patients. with 
self-terminating arrhythmias. The latter group. could 
be further classified into eight patients with a short. re- 
sponse (two to five complexes) and four with a long 
response (maximal response 9, 11, 17 and 41 comp 
respectively). In three of the latter four patient 
producibility of this self-terminating response 
tablished and the maximal length of the respor 
The cycle length of sustained ventricular tachyc 
ranged from 200 to 435 ms and that of the longer 
terminating responses from 190 to 260 ms. S 
ventricular tachycardia was terminated. by ov 
pacing in five patients but, because of its rapidity 
length 200 ms in two patients, 230 ms in one) c: 
version was required in the other three patients j 
Although no significant response was elicite 
remaining 50 patients, only 17 patients were test 
double extrastimuli at the maximal stimulat 
the first 33 consecutive patients who ha 
cardial reentry with administration of sing 
extrastimuli during sinus rhythm ani 
tricular pacing were not tested with 
The three: patients whose measur 
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Figure 4 depicts the clinical arrhythmias recorded 
the 20 patients with intramyocardial reentry. In the 
patients who responded with either sustained ven- 
ular tachycardia or a prolonged episode of self-ter- 
nating ventricular tachycardia, this response was at 
ariance with the clinical arrhythmias recorded. Seven 

the 12 patients had no ventricular arrhythmias re- 
orded during their stay in the coronary care unit, and 
had no arrhythmias on 24 hour ambulatory monitor- 
efore discharge from the hospital. Four patients 
ad no arrhythmias on either occasion, and only five 
ients had significant arrhythmias either in the cor- 
ry care unit (ventricular tachycardia or ventricular 
brillation) or on ambulatory monitoring (arrhythmias 

own class H or higher) that might have suggested 





eed for prophylactic antiarrhythmic therapy. The 
mbulatory monitoring results may be more accurate 
ian the coronary care unit data because the latter may 
een affected by the administration of intramus- 
ocaine to some patients before admission to the 
al and by problems in visual detection of ven- 
iythmias.!6 
ollow-up and prediction of mortality: 
) was complete for all 70 patients. By the end 
hs there had been 12 cardiac deaths (9 sud- 
















































FIGURE 2. initiation of sustained ventricular tachy- 
cardia (cycle length [CL] 375 ms) by single extra- 
Stimulus (S5) at the right ventricular apex during — 
ventricular pacing (S1, S4) and a cycle length of 500 -= 
ms. The panel is arranged as in Figure 1. The His 
bundle catheter appears to be proximal in position so 
that the low right atrial electrogram (A) is large. The 
stimulating voltage was 2 V. Jr s 





den, 3 from left ventricular failure). Eight deaths oc- 
curred within the first 3 months of hospital discharge. 
There were no other patients with clinically manifested 
ventricular arrhythmias, although one patient who died 
presented with sustained ventricular tachycardia 1 

month before his sudden death at home. 

There were five deaths (four sudden) among the 20 
patients with positive response to ventricular extras- 
timuli. This rate was not significantly different from 
that in the group of 17 nonresponders to any form of 
stimulation (two deaths, one sudden). However, all the 
deaths among the positive responders occurred in pa- 
tients responding with more than five complexes and 
there was a statistically significant association between 
sudden death and such a response (4 of 12 patients 
versus 1 of 25 patients with a response of fewer than five 
complexes or no response, p <0.05). Among the 33 pa- 
tients who did not show a response to single right ven- 
tricular extrastimuli but were not tested further, there 
were five cardiac deaths, four sudden, suggesting that 
a negative response to single extrastimuli is a poor guide 
to prognosis. - | m 

Factors affecting follow-up mortality: Twenty-six . 
(37 percent) of the 70 patients were taking a drug with ^. 
antiarrhythmic properties during some part of the fol- 


VENTRICULAR. TACHYCARDIA 
CL 260ms 


FIGURE 3. Initiation of sustained ventricular tachy-. 
cardia at a cycle length of 260 ms after an initial - 
complex of intermediate morphology and uncertain . 
origin (*). The panel is arranged as in previous figures 


Ventricular tachycardia is initiated by double extras- 










ventricular apex using a stimulating voltage of 2" 









. tricular apex) suggest a left ventri 
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-.. FIGURE 4. Comparison of the arrhythmias recorded in the coronary 


care unit and during 24 hour ambulatory monitoring in 20 patients with 
intramyocardial responses (VTs = sustained ventricular tachycardia; 
VTNS = nonsustained ventricular tachycardia of more than five com- 
plexes) and 17 patients without responses (NIL). There was no apparent 
: difference in the frequency of arrhythmias in the coronary care unit (VPC 


_ om ventricular premature complexes [more than 10/min, multiform, pairs 
` erR on T phenomenon]; VT = 3 or more consecutive complexes) or 
on ambulatory monitoring. Note the relatively large number of patients 


; : without ventricular tachycardia/ventricular fibrillation or class IV ar- 


|... rhythmias. No patient had Lown class V arrhythmias during ambulatory 
monitoring. 


low-up period. Often the drug was prescribed for the 
first few months after infarction for serious ventricular 
arrhythmias during hospitalization. In some patients 
beta adrenergic blocking drugs were prescribed for an- 
gina or hypertension. However, 5 of the 12 patients who 
died were receiving some form of antiarrhythmic ther- 
apy, including 1 patient whose follow-up electrophysi- 
ologic study had shown suppression of a positive re- 
sponse by an antiarrhythmic drug. On the other hand, 
sustained ventricular tachycardia was suppressed in two 
other patients in whom the effectiveness of ongoing drug 
therapy was assessed at a follow-up electrophysiologic 
study, and they both survived during the follow-up 
- period. Five patients underwent successful coronary 
-arterial bypass surgery 3 to 7 months after infarction. 


Discussion 


. In patients who survive the early phase of a myocar- 
dial infarction, there remains a significant risk of sudden 
. death in the months after discharge from hospital! 
: Prognosis is strongly related to the functional state of 
. the myocardium.? Nonetheless, the knowledge that a 
- high proportion of deaths in the month after infarction 
~ are sudden and often related to a ventricular arrhythmia 
suggests that an assessment of the electrical stability of 
the heart after infarction may have an important clinical 
jle. 
‘Ventricular fibrillation threshold for repetitive 
esponses after single stimuli: Measurement of 


hold for ventricular fibrillation would seem to be 
most direct method of assessing the electrical sta- : 


bility of the heart, but it remain 
the operating theater.!’ Howe 
shown that the threshold for re 


sponses to single ventricul 
correlates closely to the ventricular 
in the dog, suggesting that nonsus 
safely predict a propensity to 
rhythmia. Greene et al.4 used this. t 
several groups of patients using a single ventr 
extrastimulus during atrial pacing to elicit repe 
responses. Among 48 patients studied 8 to 85 days: 
infarction, they found a repetitive response in 19 
tients; this proved a good predictive index of subse 
ventricular arrhythmias and sudden death, wi 
prognostic ability equal to that of ambulatory moni 
toring for arrhythmias. "uU 

In contrast, we found that no patient had a repetit 
response with single premature ventricular sti 
during sinus rhythm (70 patients) or atrial pacing | 
patients) when single spontaneous complexes and His 
bundle reentry were recognized and excluded. Other 
investigators using similar methods have reported a 
variable prevalence of repetitive responses in patients 
with life-threatening ventricular arrhythmias, although 
their patients were not studied immediately afi 
myocardial infarction. Ruskin et al.!? observed a prev- 
alence rate of repetitive responses ranging from 6 to 6 
percent in groups of patients with serious life-threat- 
ening arrhythmias, mostly due to coronary artery dis- 
ease. Mason? found repetitive responses in 4 (12 p 
cent) of 34 patients with ischemic heart disease and 
recurrent ventricular arrhythmias; the rate of occur 
rence of ventricular responses to single ventricular 
trastimuli in his study was comparable in patients | 
and without ischemic heart disease. Naccareili et al.” 
found a 33.3 percent prevalence rate of nonbundk 
branch reentry in patients with ventricular tachycardia 
50 percent of whom had coronary artery disease. 

The possible causes for these discrepancies hai 
been discussed elsewhere9?! and include differt 
in the criteria for the responses and their repro 
ibility, the role of concurrent drug therapy, the sit 
stimulation and the importance of excluding His bund 
reentry and aberrantly conducted supravent 
complexes by using multiple intracardiac reco 
sites. In our patients, the occurrence of a short- 
repetitive response was checked at least twice bef 
was considered reproducible, and a second rig 
tricular site was used when the right ventrici 
failed to produce a response. Although non 
tients were studied while receiving antiarrhy 
therapy, the possible presence of therapeutic li 
levels from local anesthetic administration in t 
oral region must be considered??; however, a: 
our patients showed subtherapeutic levels of t 
in more than 88 percent. UR 

Several investigators have suggested 
dence of repetitive responses is incre 
extrastimuli are introduced d 
ventricular pacing. 79:119 Ho 
a nor siologic resi 









k electro conditions. 














^ tricula E eatrini ree ventricular 
but | e i incidence was low (2 of 70 patients, 5.7 





ponses to more aggressive forms of stimula- 
Camardo et al. emphasized that the principles 
rength-interval curve relating a reduction in the 
tive refractory period of cardiac tissue to an in- 
ease in the stimulating voltage may be useful in as- 
sessing the electrical properties of the myocardium. We 
used this method in an attempt to reduce the right 
ventricular effective refractory period and increase the 
prematurity of the extrastimuli. In addition, we used 
the more familiar method of introducing double pre- 
mature extrastimuli in the right ventricle to “peel back” 
the refractory period of the ventricle and allow the 
second of the extrastimuli to reach the peri-infarction 
- Site (usually in the left ventricle) at a critical time so as 
to produce a repetitive response. 

- The use of more aggressive forms of stimulation 
ises the question of whether some of these responses 
re artifactual or nonspecific. Some investigators, *.11.24 
maintain that intramyocardial responses to single right 
'entricular extrastimuli at low stimulating voltages (or 
'urrents) do not occur in patients without heart disease. 
similarly, the use of double extrastimuli at normal 
mulating voltages in patients studied at a time remote 
m infarction produces responses that are highly 
pecific for patients with a history of ventricular ar- 
rhythmias.? However, electrophysiologic studies can 
produce nonclinical arrhythmias, including forms of 
ustained ventricular tachycardia.” Gomes et al.,” using 
ingle and double right ventricular extrastimuli with 
rrents of twice diastolic threshold, reported that re- 
oducible repetitive ventricular responses were in- 
ced i in 21 (41 percent) of 51 patients who had no his- 
of life-threatening ventricular arrhythmias. Three 
these patients had no organic heart disease, and they 
ind no prognostic significance in these responses, 
Lowe ver, the criteria these investigators used for a 
ive response (one er more complexes) was more 
han ours, and none of their patients were 
ithin 6 months of a myocardial infarction. 
dering that the likelihood of fatal events in their 
ts was small and that all patients who had in- 
ced sustained ventricular tachycardia received ap- 
e antiarrhythmic therapy —their results must 
preted with caution. We believe that the in- 
'short-lasting responses only with the use.of 
ulating voltages is of questionable predictive 
ostinfarction period, but that the induc- 
Ay or sustained ventricular response is an 
reason for the lack of agreement 
ndings and those. of Comen et 































































pease: io both t total cardiac ‘mortality, and sudden S 
death, intramyocardial responses of more than five 
complexes in duration were significantly associated with 
cardiac and sudden death. However, the patient mor- 
tality rate was relatively low (17 percent), and one must 
consider that 37 percent of the patients were receiving - 
some form of antiarrhythmic therapy during part of the 
follow-up period. It is difficult to perform studies in 
postinfarction patients in which medications such as 
propranolol for hypertension or angina are withheld or 
in which patients with monitored ventricular arrhyth- 
mias are not treated. In addition, potentially fatal ar- 
rhythmias may result from drug-induced prolongation 
of the Q- T interval. However, had we deleted from the 
study patients who were given antiarrhythmic drugs, 
we may have introduced problems with population 
sampling. Also, several deaths occurred in patients who 
were receiving antiarrhythmic therapy, and although 
5 of the 12 patients with induced ventricular arrhyth- 
mias of more than five complexes in duration were re- 
ceiving some form of antiarrhythmic therapy, 3 of these 
patients died. Overall, we believe that it is unlikely that 
antiarrhythmic drug therapy prejudiced our results. 
Similarly, coronary bypass surgery was performed in 
only a small number of patients, and in all cases after 
the initial 3 month period of maximal risk for sudden 
death. 

Ruskin et al.1? has suggested that only sustained 
responses to electrical stimulation have clinical rele- 
vance in the setting of recurrent life-threatening 
ventricular arrhythmias, and so it may be with elec- 
trophysiologic studies in patients after myocardial 
infarction. If one accepts a reproducible response of 
more than five complexes as an indication of electrical 
instability and intraventricular reentry after myocardial 
infarction, one can dispense with a concern for artifacts 
produced by other arrhythmias (His bundle reentry) 
because these arrhythmias probably do not produce 
sustained responses. Thus studies in patients can be 
simplified by eliminating the need for a His bundle re- 


cording. Further analysis of the pacing data showed that — 


responses of more than five complexes were produced zu 
by single extrastimuli (four patients) as well as double |. 
extrastimuli, and two thirds of the responses required. 
a stimulating voltage of only 2 V. Responses of more 
than five complexes were detected in 12 (32 percent) of 
37 patients in whom the complete pacing protocol was P 
available. However, a deliberate attempt to induce B 


lengthy response introduces the possibility that car- 
dioversion may be required in some patients (25 percent 


in our experience). T'hus, the potential diagnostic ben- 
efits of the procedure in the convalescent patient must 
be weighed against the inherent risks. Ree 

Implications: We believe that electrophysiologic _ 
in can reet a Prope sity t to ventricular arrhy h- ` 









st that the specific! ue 
erapy guided by further | 
/810. S y be beneficial in these - 
| Jombining this risk marker with one or more 


other established risk markers (reduced left 

‘ular ejection fraction, complex arrhythmias on 
ilatory monitoring) may further define a subset of 
nts at highest risk. 
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of Left Ventricular 


The physiologic significance of coronary collateral vessels was evaluated 
in 91 patients with stable coronary artery disease. Four physiologic 
variables were assessed in the distribution areas of 101 totally occluded - 
coronary arteries associated with angiographically defined collateral 
vessels. These variables included myocardial perfusion at rest and during 
stress, left ventricular wall motion and the presence or absence of myo- 
cardial infarction. These 101 collateralized areas of myocardium were 
classified into two major groups on the basis of normal (43 areas) or ab- 
normal (58 areas) myocardial perfusion at rest. Among the 43 areas with 
normal perfusion at rest, three or more variables were normal in 37 in- 
Stances (86 percent) and all variables were normal in 17. Of 58 areas with 
abnormal perfusion at rest, three or more variables were abnormal in 47 
(81 percent), and all four variables were abnormal in 32. Although the 
results were generally concordant when all variables were assessed as 
a group, significant discrepancies existed if each variable was compared . 
individually with resting perfusion. Of the 43 areas with normal resting 
perfusion 14 (33 percent) had stress defects, 15 (35 percent) had wall 
motion abnormalities and 5 (12 percent) showed electrocardiographic _ 
evidence of myocardial infarction. Of the 58 areas with abnormal resting 
perfusion 5 (9 percent) had normal stress perfusion, 16 (28 percent) had 
normal wall motion and 22 (38 percent) lacked electrocardiographic: 
evidence of infarction. The presence or absence of significant coronary 
artery disease distal to the origin of a collateral vessel, the extent of - 
coronary arlery disease in all coronary vessels and the angiographic 
appearance of collateral vessels were not helpful in defining the signifi- 
cance of a collateral vessel. | 

These resuits indicate that the functional significance of collateral 
vessels varies considerably. Collateral vessels in many patients may be 
highly effective in maintaining myocardial perfusion and left ventricular 
function and preventing infarction; in others, collateralization may be of 
no significance. The use of multiple variables as a group rather than in- 
dividually provides meaningful information regarding the physiologic 
significance cf a collateral vessel and complements the coronary an- 
giogram, which is not uniformly helpful in making this assessment. 
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ents of nuclear medicine techniques have now 
vailable methods of assessing myocardial per- 
2930 Currently, thallium-201 imaging is the most 
mon method of evaluating both stress and resting 
ocardial perfusion.?!-?^ Intracoronary particulate 
ing is also a useful technique when evaluating 
hg perfusion, and is particularly useful when de- 
the regional distribution patterns of individual 
onary vessels.?9-?7 Although many studies have ad- 
.. dressed the physiologic importance of collateral vessels, 
p few have used multiple physiologic variables including 

.. the assessment of myocardial perfusion. 
The purpose of this study was to investigate the 
physiologic significance of angiographically visualized 
coronary collateral vessels by evaluating their capabil- 
ities to provide myocardial perfusion at rest and with 
stress, to preserve left ventricular function and to pre- 

.. vent myocardial infarction. 











Methods 


- s Study patients: This study involved patients who under- 
went selective coronary angiography at Ohio State University 
— Hospitals from February 1977 through July 1978. The criteria 
<. for inclusion included resting and stress perfusion studies 
and the presence of a completely occluded left anterior de- 
scending or right coronary artery, or both. Patients were 
= “studied consecutively and were excluded when stress testing 
^- was contraindicated, the patient refused the study, thallium 
~ was unavailable or the angiographic criteria were not met. 
Ninety-one patients with 110 totally occluded vessels were 
included in this investigation. Ninety percent of these patients 
<- were studied because of exertional angina but none had chest 
pain at rest. 
Resting and stress myocardial perfusion, left ventricular 
wall motion, electrocardiographic evidence of infarction and 
.— the presence or absence of angiographic collateral vessels were 
. assessed in the distribution areas of these 110 occluded vessels. 
- Because these areas were associated with totally occluded 
t: native vessels, blood flow to these areas would have been to- 
_ », tally dependent on collateral vessels. 
_ Myocardial perfusion scintigraphy at rest and during 
e exercise: Coronary angiography was performed using the 
- < Judkins technique. Resting myocardial perfusion was studied 
—" at the time of cardiac catheterization with dual intracoronary 
- radiolabeled macroaggregated albumin particles as previously 
=. described.?? The instillations were performed slowly and 5 
. Minutes after coronary angiography. There were no com- 
<.. plaints of chest pain or ischemic electrocardiographic changes. 
` One millicurie of technetium-99m-labeled particles was in- 
stilled into the left coronary artery and 0.4 mCi of indium-111 
< into the right coronary artery. Thallium-201 was used to de- 
| fine perfusion during exercise. Treadmill stress studies were 
performed according to the Bruce protocol.?? Two millicuries 
of thallium was given intravenously with the onset of chest 
pain, ischemic electrocardiographic changes or fatigue. Ex- 
se was continued for 1 minute unless contraindicated. 
igraphy was begun within 15 minutes after the cessation 










ough different nuiclear techniques were used to assess 





s,°° myocardial lactate oduction,® exercise a 
$e 912 28 left. ventricu lar function51617, 1921,23 and > 
ion against myocardial infarction.19.122122 De- 


à paik imaging was use 


ial perfusion at rest and during stress, the two - 
ds provide comparable. information. 39,40. Intracoronary = 





een use us two o radion | 


Apoa fom the coronary angiogram. NUS E. 
All particulate images were obtained using a high 
gamma camera (Picker 4/15 LFOV37PM Tubes) 
energy (Picker ultrafine 25,000 hole) collimator. Imag 
obtained for a 1,000 information density set over t 
ventricle. T'his is equivalent to 400,000 to 450,000 ov 
counts/image for thallium-201. An energy peak of 173 keV w à 
used for indium-111, 140 keV for technetium-99m and 80 ke! 
for thallium-201. Three views, including the anterior, 45? lef 
anterior oblique and left lateral, were obtained for thallium 
and particulate imaging. The right coronary artery, left cor- 
onary artery and combined distribution patterns were inage | 
in each view for the particulate study. P 
Scintigrams were interpreted by two independent ob. 
servers who had no knowledge of the clinical data. Perfusion 
abnormalities were interpreted as areas of absent or dis- 
cernibly decreased activity. Defects that were present with 
stress only were considered to represent transient ischemia 
and those that persisted at rest were considered to indicate 
fibrosis. Defects were described in the perfusion distribution 
areas of the major coronary arteries as previously reported. 
Major interobserver disagreement occurred in 5 percent of 
cases. The final interpretation of the scintigrams in these cases 
was based on consensus. : 
Left ventriculography: Left ventricular wall motion waa 
quantitatively analyzed from the 30° right anterior oblique 
contrast left ventriculogram according to the method of 
Leighton et al.4 This method involves calculating the percent. 
segment shortening of each hemiaxis along the anterior and 
inferior left ventricular borders. Hypokinesia was defined as 
percent segment shortening less than 2 standard deviations 
below the previously reported normal values. Because the 
right anterior oblique projection involves the anterior 
inferior heart borders, wall motion in these areas would m 
commonly be dependent on blood flow from the left anterio 
descending artery and the right coronary artery, res ) 
tively. 5 
Myocardial infarction: The diagnosis of myocardial 
farction was based on standard electrocardiographic crite 
of significant Q waves. Q waves in the inferior leads were 
terpreted as indicating infarction in the distribution of : 
right coronary artery and Q waves in the precordial leads 
considered as indicating infarction in the distribution C 
left anterior descending artery. 
Coronary angiography: Significant coronary arta 
ease was defined as more than 50 percent luminal nar 
The presence or absence of angiographic collateral ves: 
determined from multiple views of the coronary art 
Collateral vessels were judged as absent, fair, good or exce 
after comparing the caliber of the occluded vessel distal i 
occlusion with that of the same vessel proximal to th 
struction. The measurements were quantitatively obt 
from traced images of the coronary arteries in th 
best demonstrated the distal vessel. Colla 
considered fair when the caliber of the di: 
was less man 33 percent od of that of th pr 
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Fesults 


"y -occlusive disease: Extensive coronary 
sry disease (greater than 50 percent narrowing of 
inal diameter) was present in all 91 patients; 29 had 
single vessel disease, 34 double vessel disease and 38 
triple vessel disease. Each patient had at least one to- 
tally occluded native vessel. In all, 117 completely oc- 
cluded major vessels were seen in the 91 patients. These 
HT vessels includes 63 right coronary arteries, 47 left 
anterior descending arteries and 7 left circumflex ar- 
teries. The seven circumflex vessels were not included 
in this study primarily because of limitations in quan- 
tifying wall motion in the distribution of the circumflex 
artery and the difficulty of identifying true posterior 
myocardial infarction in the electrocardiogram. Fur- 
thermore, only three of these circumflex vessels were 
associated with collateral flow. 

; Collateral circulation: Collateral vessels were 
visualized in the distribution areas of 101 of the 110 
completely occluded left anterior descending and right 
coronary arteries. In seven of the nine noncollateralized 
areas, stress and resting perfusion defects were present, 
wall motion was abnormal and the electrocardiogram 
dicated infarction. In the remaining two areas three 
cn four variables were abnormal (the electrocardi- 
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teet tto tech of ‘th other Bhysioks c variables asse: 
perfusion during stress; wall motion and the presence : 
or absence of infarction. Areas of myocardium in the 
distribution of the 101 collateralized native vessels were 
thus classified inte two groups on the basis of either - 
normal (43 areas) or abnormal (58 areas) perfusion at 
rest (Fig. 1). Fourteen areas (33 percent) with normal 
perfusion at rest manifested perfusion defects with 
stress but 29 remained normal. As expected, the ma- 
jority of the areas (53 [91 percent] of 58) with a resting 
defect also had a stress defect. 

The prevalence of wall motion abnormalities was 
significantly less in the collateralized areas with normal . 
perfusion at rest because only 35 percent (15 of 43) had 
decreased segment shortening. However, 72 percent (42. 
of 58) of areas with abnormal perfusion at rest had ab-. 
normal segment wall motion. The number of myocardial 
infarctions was also significantly less in areas with 
normal perfusion at rest (12 percent, 5 of 43). In con- 
trast, 62 percent (36 of 58) of areas with abnormal per- 
fusion at rest were associated with infarction. Thus the 
majority of collateralized areas with normal perfusion 
at rest maintained normal perfusion during stress, had 
significantly better wall motion and demonstrated fewer 
infarctions than did collateralized areas with abnormal 
perfusion at rest. 





Representative cases: Figure 2 is an example of a scinti- 
gram. of a patient with a completely occluded left anterior . 
descending artery that received collateral vessels from the is 
right coronary artery. The regional blood flow distribution of 
the left anterior descending artery is provided by collateral — 
flow from the right ccronary artery. In this patient both stress — 


and resting perfusion were normal as was wall motion and the Dow 


electrocardiogram. 4 

Figure 3 is an example of another patient with an occluded’ 
left anterior descending artery. Resting perfusion is normal . 
but stress defects of the apex and intraventricular septum are 
present. In this case collateral flow was sufficient to maintain 
normal resting perfusion and wall motion and to prevent in- 
farction, but it was not adequate to provide normal perfusion 
with stress. 

Figure 4 shows an example of left to right collateral flow in 
a patient with complete proximal occlusion of the right coro- 
nary artery. Perfusion at rest is normal but an inferior per- 
fusion defect is seen during stress. 

Fisure 5 shows images indicating abnormal stress and 
resting perfusion in a patient with a completely occluded left 
anterior descending artery that appeared to receive excellent 
collateral flow from the right coronary artery on angiography. 
Wall motion was abnormal and the electrocardiogram re- 
vealed an anterior infarction. Collateralization in this case was 
totally ineffective. 


Agreement among all four variables: ee ; * 
perfusion at rest correlated well with each of the other | 
van alles vara Wet existed when only two variables 













x electrocardiogram; L = left; LAO = 





















FIGURE 2. Images demonstrating normal (NI) stress and 
-o cresting myocardial perfusion in a patient with total oc- 
.. {clusion of the left anterior descending (LAD) artery. The 
. -bottom row of scintigrams differentiates between the 
regional blood flow distributions of the right coronary 
artery (RCA) and left coronary artery (LCA) in each view. 
Note the presence of a large perfusion defect in the dis- 
tribution of the left coronary artery (arrows). This defect 
is compensated for by collateral (COLLAT.) flow from the 
‘right coronary artery resulting in a normal composite 
“resting scan (middie row). ANT = anterior; ECG = 
: 45? left anterior 
i; Oblique; R = right. 


-> perfusion at rest, all four variables were normal in 17 
cases. At least three variables were normal in an addi- 
tional 20 areas. Within these 20 areas stress perfusion 
alone was abnormal in 8 instances, wall motion alone in 
~ 9, and the electrocardiogram in 3. Thus three or more 

-: variables agreed in 37 of 43 instances. In four situations, 


-two variables were normal and two were abnormal. In 


= two cases three of the four variables were abnormal. 
~ Table II indicates similar data related to the 58 
‘collateralized areas with abnormal perfusion at rest. 


-. FIGURE 3. Scintigrams of a patient with a total left anterior 
|. descending artery (LAD) occlusion showing stress defects 
= at the apex and septum (arrows in left column). These de- 

cts are not seen at rest (middle column). The right column 

es separate left and right coronary arterial distributions 
shows har blood flow to the areas with Stress defects 







\). Arrows i in the right column indicate col- 
v the right coronary artery and PE 


, - abbreviations as betore. 


All variables were abnormal in 32 areas and at least 
three variables were abnormal in 15 additional areas. 
The electrocardiogram was the single normal finding 
in nine of these areas and wall motion alone was normal 
in six. Two variables were normal and two were abno 
mal in eight areas, and three variables were normal 
the three remaining areas. Overall at least three or : 
of the variables were in agreement in 47 of 58 areas. 

The preceding data indicate that complete agreement 
among all variables examined was found in 49 perce it 
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FIGURE 4. Myocardial images showing an inferior perfusion 
defect during exercise that is not present at rest. Resting per- 
fusion to the inferior wall and right ventricle (arrows) is supplied 
totally by the left coronary artery because the right coronary 
artery (RCA) was totally occluded near its origin. Abbreviations 
as before. 
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FIGURE 5. Scintigrams demonstrating large resting 
and stress defects (asrows) of the anterior, apical and 

i areas in a patient with total occlusion of the left 
anterior descending coronary artery. Anglographically 
these areas appeared to receive good collateral flow. 
Note that perfusion to the posterolateral wall (left 
anterior oblique view) is improved at rest. Abbrevia- 
tions as before. que 
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Agreement of All Physiologic Variables in 58 Areas With 
Abnormal Perfusion at Rest 
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(43 areas) 
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Ve vessel disease 


of collateralized areas; that is, all four variables assessed 
were either normal or abnormal in 49 of these areas. At 
¿least three variables were in agreement in the distri- 
bution of 40 additional collateral vessels. Therefore, in 
almost 90 percent (89 of 101) three or all of the physio- 
i logic measurements were in agreement, and in these 
| . cases a reasonable assessment of the physiologic sig- 
D nificance of collateral vessels could be made. 
D Coronary angiographic findings: In attempts to 
| identify and perhaps explain why collateral vessels may 
. or may not be physiologically important we defined 
specific characteristics of the coronary anatomy from 
- the coronary angiograms including the presence or ab- 
-sence of significant atherosclerotic disease (greater than 
_..60 percent narrowing of luminal diameter) in the coro- 
-> nary artery from which the collateral vessel originated, 
- the extent of coronary disease in all vessels in each pa- 
tient, and the angiographic appearance of the collateral 
- vessels. These angiographic observations were then 
<- compared in two groups with normal and abnormal 
¿perfusion at rest (Tables III and IV). 
Thirty of 43 areas with normal perfusion at rest re- 
ceived collateral flow from a single source and 13 from 
two sources. Of the 30 collateral vessels serving as the 
. single source of flow, 22 originated either from a normal 
 .. coronary artery or from a site proximal to the site of a 
.. high grade lesion whereas 8 originated distal to the site 
. of a narrowing greater than 50 percent. Among the 13 
- . areas with two sources of collateral flow, only in 1 area 
- did both sources originate distal to a significant lesion. 
. Thus in 34 (79 percent) of 43 collateralized areas with 
^ -pormal perfusion at rest, a source of collateral flow 
-. originated either from a normal coronary artery or from 
-` asite proximal to the site of a significant coronary ste- 
mosis, whereas 9 (21 percent) of 43 collateral vessels 
e originated distal to the site of high grade stenosis in- 
“volving the artery supplying the collateral vessel. 
^. In 42 of 58 areas with abnormal perfusion at rest 
|. collateral flow stemmed from a single source and in 16 
"from two sources. Twenty-six of the collateral vessels 
‘ving as the sole source of collateral flow originated 
r from normal coronary arteries or from a site 
nal to the site of significant stenosis whereas 16 
ssels originated distal to high grade coronary 
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Normal resting 
perfusion (43) 
Abnormal resting 
perfusion (58) 





case originated from a normal coronary vessel or pro 
imal to the site of a significant lesion. Overall, in 42 (72 
percent) of the 58 areas with abnormal perfusion at rest, _ 
a collateral vessel originated either from a normal co 
onary artery or from a site proximal to a significant 
narrowing. Sixteen (29 percent) of these 58 collateral 
vessels did originate distal to high grade coronary 1 E 
sions. Overall the number of collateral vessels origi- _ 
nating distal to high grade coronary stenosis was not - 
significantly different in the two groups (9 [21 percent] - 
of 43 areas with normal perfusion; 16 [28 percent]. of 58 
areas with abnormal perfusion). u 
The extent of coronary artery disease: did not sie 
nificantly differ in the two groups (Table HI). Irpa- 
tients with normal perfusion at rest, single vessel disease ' 
was found in 12 (28 percent), double vessel diséase in 16. 
(37 percent) and triple vessel disease in 15 (35 percent). - 
In patients with abnormal perfusion at rest, single vessel v 
disease occurred in 17 (29 percent), double vessel diseas 
in 18 (31 percent) and triple vessel disease in 23 ( 
percent). 2 
Table IV indicates the angiographic appearance of 
collateral vessels. Collateral vessels supplying areas | 
with normal perfusion at rest were described as poor in 
16 areas, good in 12 and excellent in 15. Collateral ves- - 
sels supplying areas with abnormal perfusion at rest 
were considered poor in 19 areas, good in 22 and excel- - 
lent in 17. The differences between these two groups are 
not significant. Figure 6 demonstrates the | angiograp | 
appearance of two collateralized vessels in two patient 
Although both vessels are well defined in the angiogra: 
only one (Fig. 6, right) appeared to be physiological y 
significant. Therefore, neither the presence nor the 
caliber of an angiographically defined collateral vessel 
reliably predicted the physiologic importance of t 
vessel. 







































Discussion 


Physiologic role of collateral vessels: Övé th 
several years it has become increasingly eviden 








to maintain myocardial viability. This fact is 
tiated by the study of Baroldi,** who found ni 
of myocardial infarction in 44 percent of p 
a totally occluded coronary artery, and it i: 
by several n 2° in patiente with c comple 
















FIGURE 6. Coronary angiograms showing collateralization of the left anterior descending artery from the right coronary artery in two patients. Both 
. angiograms demonstrate the problems that might occur when angiography is used alone to judge the efficacy of collateral vessels. Although the 
-angiographic collateralization to the left anterior descending artery on the left appears to be excellent, the patient demonstrated a contraction ab- 
- formality, a perfusion defect and infarction in the distribution area of this vessel. No such abnormalities were present in the distribution of the left 


et patentee descending artery on the right, and in this case angiographic collateralization was judged to be good. 


vessels may be extremely important in maintaining 
. tissue viability when total occlusion of a coronary vessel 
has occurred. 

-< Our study also indicates that certain collateral vessels 
might be of little or no value. These seemingly para- 
. doxical findings are not dissimilar to those of many 
other studies! that have stirred the controversy re- 
garding the significance of collateral vessels. Some*® 
. have implicated the designs and methods of collateral 
| vessel studies to explain many of these apparent para- 
. doxical findings. Indeed, assessment of a single physi- 
- ologic variable in conjunction with the mere angio- 
graphic presence of a collateral vessel may not provide 
complete information concerning the physiologic sig- 
nificance of that vessel. 

- Assessment of physiologic capabilities of collat- 
eral vessels: A major emphasis in our study included 
_the evaluation of resting and stress myocardial perfu- 
gion in conjunction with the assessment of left ven- 
_tricular function and the presence or absence of in- 
-farction. Although nuclear imaging techniques have 
een extensively used to evaluate myocardial perfusion, 










































low. Intracoronary particles have been used to study 
ie effect of exercise on collateral development,*’ and 
other workers? and we37-40.42 have previously alluded 
heir potential value in assessing collateral flow dis- 
bution. Thallium-201 has been used to study the ef- 
ct of f eallateral vessels on myocardial perfusion during 
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few studies have used such methods to study collateral 


pattern was present with 43 (43 percent) of 101 collat- 
eral vessels, and in general these vessels also maintained 
good left ventricular function and afforded protection 
against infarction. More than half (29) of these 43 ves- 
sels were also associated with normal perfusion during 
stress. Although it has been reported? that collateral 
vessels do not improve myocardial reserve, our results 
and those of Rigo et al.?? indicate that in some cases 
collateral vessels offer a protective effect against 
stress-induced ischemia. 

Correlation of resting myocardial perfusion with 
other variables: If one compares normal resting blood 
flow distribution individually with the other variables 
measured, it is apparent that discrepancies exist. 
Thirty-five percent of the 43 areas with normal resting 
perfusion had abnormal wall motion, 12 percent had 
evidence of infarction and 33 percent manifested per- 
fusion defects with stress. However, when the entire 
group of variables was assessed as a whole, three or more 
variables were normal in the distribution of 37 of the 43 
collateral vessels. In these 37 instances it seems likely 
that collateral vessels were sufficient to maintain good 
left ventricular function and protect the myocardium 
from infarction. 

Nevertheless, resting perfusion was abnormal in the 
distribution areas of 58 totally occluded vessels that 
angiographically appeared to receive collateral flow. 
Again there was good correlation between abnormal 
perfusion at rest and abnormalities of the other vari- 
ables when these variables were assessed as a group 
(Table II). At least three variables were abnormal in 
more than 80 percent of instances, implying that these 
collateral vessels were relatively ineffective. However, 
discordance was also seen in this group when abnormal 
perfusion at rest was related singularly to each of the 


other variables in that wall motion was normal in 28 
percent, infarction was absent in 37 percent and stress 
perfusion was normal in 9 percent of cases. 

In the areas with normal perfusion at rest (Table I), 
there were two situations in which the other three 
variables were abnormal, suggesting that the results of 
resting perfusion studies were false negative. Similarly 
in three cases three variables were normal when resting 
perfusion was abnormal (Table II), most likely indi- 
cating that the results of resting perfusion studies were 
false positive. Overall, when multiple variables were 
used to assess the functional significance of collateral 
vessels, at least three or more variables were in agree- 
ment in 89 of 101 instances, and in these cases reason- 
able conclusions could be made. 

Our results emphasize that any given test used indi- 
vidually may yield less reliable data than that of a group 
of tests analyzed as a whole. These individual dis- 
crepancies are likely related to the inherent limitations 
of any given diagnostic test and the lack of complete 
sensitivity of such tests (in this case, myocardial per- 
fusion studies, wall motion analysis and the electro- 
cardiogram). 

Assessment of collateral vessels by coronary 
angiography: Our study also showed that the coronary 
angiogram used alone is not a reliable method for as- 
sessing the signficance of a collateral vessel (Table IIT). 
Although the majority of coronary arteries from which 
the collateral vessels originated were afflicted with 
significant coronary stenosis, the origin of the collateral 
vessel was proximal to the site of such stenosis in 75 
percent of instances (76 of 101). Such atherosclerotic 
disease involving the coronary artery supplying the 
collateral vessel had no obvious effect on the signifi- 
cance of that collateral vessel relative to its site of origin, 
be it proximal or distal to a significant coronary stenosis. 
Also, the presence of atherosclerotic disease in the 
coronary vessels not supplying the collateral flow had 
no influence on physiologic importance of a collateral 
vessel. 

Additionally, the angiographic presence and size of 
collateral vessels correlated poorly with normal resting 
myocardial blood flow distribution through these 
vessels (Table IV). Sixteen angiographic collateral 
vessels judged to be of poor caliber were associated with 
normal perfusion at rest and 17 collateral vessels con- 
sidered to be excellent angiographically were associated 
with abnormal perfusion at rest. We can only speculate 
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on the reason for these discrepancies. The angiogram 
is merely an anatomic study, whereas resting particulate 
studies are in part physiologic in that their distribution 
depends on blood flow. Since particles lodge in the 
coronary microcirculation, activity may be better ap- 
preciated in the scintigram because the particles are 
located in vessels whose size is less than the resolution 
capabilities of cineangiography. We*:42 have previously 
reported evidence of collateralization detected by 
scintigraphy that was not appreciated angiographically. 
The presence of apparently excellent angiographic 
collateral vessels in an area with abnormal perfusion, 
impaired wall motion and infarction cannot be ex- 
plained by our study. 'T'wo basic issues not addressed in 
our study and on which there is little understanding are 
the stimulus and timing of collateral vessel formation. 
It may well be that this latter group of apparently ex- 
cellent collateral vessels on angiography did not appear 
until after the coronary occlusion had occurred and thus 
were ineffective. 

Conclusions: The physiologic capabilities of collat- 
eral vessels vary considerably. Collateral vessels may 
maintain normal myocardial perfusion at rest, preserve 
left ventricular function, prevent infarction and even 
provide normal myocardial perfusion with exercise 
stress. Or, they may be evident on angiography but have 
no detectable physiologic significance. Assessment of 
several physiologic variables is necessary to determine 
the functional significance of these collateral vessels. 
The use of stress and resting perfusion studies, left 
ventricular wall motion analysis and electrocardio- 
graphic evidence of infarction provided a reasonably 
accurate assessment of the physiologic role of collateral 
vessels in almost 90 percent of instances. The presence 
and site of a significant coronary stenosis in the coronary 
artery from which the collateral vessel originated, the 
presence or absence of coronary disease in the coronary 
vessels not providing collateral flow and the angio- 
graphic presence and size of collateral vessels did not 
predict the physiologic capabilities of a collateral 
vessel. 
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Freres „tioning of the coronary s sint 
a metabolic study, 18, pet Acc 


ial Metabolic Alterations After Contrast An 


Contrast media used during angiography are known to pro duce 
alterations in cardiovascular physiology. However, little info: 
available concerning what alterations, if any, occur in myoc; 
tabolism after contrast angiography. Sixteen patients with sympton 
ischemic heart disease undergoing elective left ventriculography y 
studied. Coronary sinus and arterial blood samples were obtained for free 
fatty acids, glucose and lactate before and after performing left ventric- 
ulography with Renografin-76. Coronary blood flow was determined by 
the thermodilution technique. Five minutes after ventriculography, th: 
arterial level of free fatty acids had decreased by 18.0 + 4.9 percei | 
(mean + standard deviation) from the baseline (before angiography) 
samples (probability [p] 0.001). Associated with this decrease in arterial 
free fatty acids was an increase in the myocardial uptake of this substrate. 
At 5 minutes after left ventriculography, the free fatty acid uptake ha id 
increased 48.5 + 33.0 percent compared with the baseline value (p 
<0.001). After the injection of contrast medium, there was no significant 
change in the arterial levels of glucose or lactate. However, significant 
decreases in the myocardial uptake of glucose and lactate were dem- 
onstrated (—72.5 + 44.5 percent [p <0.001] and —43.2 + 22.9 percent 
[p <0.001], respectively) at 5 minutes. The changes in arterial free fatty 
acids and in the myocardial uptake of the various substrates persisted 
throughout the sampling period of 20 minutes after ventriculography. These 
results demonstrate that contrast medium significantly alters myocardial 
metabolism. These metabolic alterations persist longer than the hemor " 
dynamic changes induced by contrast angiography. - 



























The electrophysiologic and hemodynamic alterations after contrast 
angiocardiography are well known. 1-12 The intensity and duration of 
changes in arterial pressure,+ left ventricular volumes and pres- 
sures,?19.1! cardiac output,2— ejection fraction!! and coronary flow! hi 
been well described in both animals and human beings. Reports? 
dicate that these hemodynamic and electrophysiologic variables reti 
to baseline values within 10 to 15 minutes after the injection of con 
agent. 

However, the effects of contrast medium on myocardial metab 
and their duration are not well recognized. Important myocard 
abolic studies performed after contrast angiography have appea 
The effects of glucose, insulin and potassium infusion i in patie 
stable angina were assessed after diagnostic contrast angiograp 
a study!” designed to determine the benefit of a drug on myoc 
metabolism, coronary angiography was performed between me 
studies conducted before and after drug administration. These s 
were performed when the hemodynamic variables had. retur 
baseline levels. The investigators assumed that if contrast 1 
duced any metabolic alterations, these values had retur 
levels along with the hemodynamic decima n. addi 

























































The sudy patients consisted of 30 men 
y ptoms of ischemic heart disease who were 
dergo elective left ventriculography and selective 
g phy. The patients were unselected for se- 
nptoms or drug therapy. There was no alteration 
y or dosage before this study. Informed, written 
btained from each subject. 

“he patients tasted for 12 hours before the study. 
edial vein was exposed with anesthesia induced 
ne; a thermodilution coronary sinus flow catheter 
Vebster catheter modified by KMA) was inserted 
nto the vein and positioned under fluoroscopy in the mid 
egion of the « coronary sinus. To verify that the catheter was 
he coronary sinus, pressure and oxygen content were 
sured; no contrast medium was injected. The sampling 
fice was at least 30 mm from the ostium of the coronary 
ius in all cases. This was determined retrospectively from 
he cineangiograms by observing the distribution of the ve- 
jous filling phase after the injection of contrast agent into the 
ft c coronary artery. No patient had a mean right atrial pres- 
ure greater than 5 mm Hg.” A pigtail catheter was inserted 
nto the descending aorta by way of the femoral artery by the 
Seldinger method. All patients received heparin (10,000 units) 
s an intravenous bolus dose before the arterial puncture. 
Metabolic samples were obtained before and after left 
ntriculography in 16 patients. To ensure that a steady 
'tabolic state was present before angiography, arterial and 
ronary sinus blood samples were obtained simultaneously 
t 10 and 3 minutes before the left ventriculogram. The left 
entriculogram was performed using sodium meglumine 
jatrizoate (Renografin-769), 0.5 ml/kg at a rate of 12 ml/s 
range 35 to 52 ml). Arterial and coronary sinus samples were 
again obtained at 1, 5, 10, 15 and 20 minutes after the contrast 
ajection. The blood samples were analyzed for free fatty acids, 
actate, glucose, total protein and albumin. The hematocrit 








ach sampling point, the heart rate and arterial pres- 
ere : recorded. The coronary sinus flow was determined 
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An additional 10 Pan had d sélestióe tef coronary an- 
giography before left ventriculography. Metabolic samples 
were obtained before and after the left coronary arterial in- 
jections of Renografin-76, as described. After the metabolic 
sampling, right coronary angiography and left ventriculog- 
raphy were performed. In four other patients, metabolic 
samples were obtained before and after a 10 ml injection of 
Renografin-76 into the mid coronary sinus that was performed 
before left ventriculography and selective coronary angiog- 
raphy. 

Chemical analyses: Blood for free fatty acids was placed 
in iced heparinized glass tubes within 30 seconds of sampling, 
centrifuged at 4° C and then separated. Free fatty acid levels 
were determined immediately on the plasma by the Trout . 
modification?! of the Dole procedure.?? 

Lactate and glucose samples were quickly placed in a 
measured volume of cold 7 percent perchloric acid and cen- 
trifuged, and the supernatant fluid was removed. Lactate 
concentration was determined on the protein-free fluid by an 
enzymatic spectrophotometric method.?? Glucose was mea- 
sured on the protein-free fluid by a hexokinase/glucose-6- 
phosphate dehydrogenase-coupled enzymatic method.?? The 
free fatty acid, lactate and glucose analyses were all performed 
in duplicate. Total proteins were measured by biuret 
method.?! 

To ensure that the contrast agent did not interfere with 
the various assay procedures, analyses for glucose, lactate and 
free fatty acids were performed on a blood sample before and 
after the addition of Renografin-76 in various amounts (0.1, 
0.2, 0.5 and 1.0 percent). At the various percentages tested, 
Renografin-76 did not interfere with the results of the as- 
Says. 

Statistical analysis: The statistical significance of the 
changes in arterial substrates and the myocardial uptake of 
each substrate after the injection of contrast medium was 
determined by the two way analysis of variance and the 
Neumann-Keuls multiple range test. 


Results 


Free fatty acids: In the 16 patients studied after 
contrast left ventriculography, the average arterial level 
of free fatty acids was 1.04 + 0.23 mM (mean + standard 
deviation) before ventriculography. There was no sig- 
nificant difference in the levels at 10 and 3 minutes. 
before the contrast injection. However, 1 minute after — 
the left ventriculogram, the arterial level of free fatty — 
acids had fallen to 0.87 + 0.17 mM, a percent change of ~ 
—15.6 + 5.4 percent (probability [p] «0.001). At 20 - 
minutes after ventriculography (Fig. 1), the arterial level | 
was 0.92 + 0.20 mM, which was a significant decrease 
from the baseline value (p «0.001). 

Hematocrit and total protein: Renografin-76 isa 
hyperosmotic agent, and changes in plasma volume . 
have been documented after its use in contrast angiog- 
raphy.?* To ensure that the alterations in arterial 
substrate concentrations were not secondary to dilu- 
tional ehanee | in plasma, bomatocrit: and the total sm 
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z ARTERIAL FFA (mM) 
p FIGURE 2. Correlation (r) between the arterial levels of free fatty acids 


e p. (FFA) and the arterial-coronary sinus (A-CS) difference for free fatty 
^." acids in the 16 patients before left ventriculography. 


= At 20 minutes after contrast injection, the hematocrit 
-. and total protein levels had both returned to baseline 
.... (before contrast injection) values; however, the arterial 
... free fatty acids were still significantly decreased com- 
pared with baseline values (p «0.001). 
- Arterial lactate and glucose: Before left ventricu- 
ae lography the arterial lactate level was 0.620 + 0.176 mM. 
|. Although there was a decrease in the level after ad- 
|. ministration of contrast medium (0.567 + 0.118 mM at 
- 10 minutes), this change was not significant. Likewise, 
.. there was no significant change in the arterial level of 
_ glucose after injection of Renografin-76. 
^. -Myocardial extraction versus arterial level of 
_ free fatty acids: The myocardial uptake of a substrate 
1s usually directly correlated with the arterial level of 
the substrate.?? The extraction of free fatty acids is di- 
., rectly correlated with the arterial free fatty acid 
< o level.55?* In 20 young normal volunteers studied in our 
-. laboratory,” a positive correlation was present between 
-myocardial extraction of free fatty acids and the arterial 
-level {r = —0.84, n = 45). In the 16 patients in this study 
.. asimilar correlation was found between the arterial level 
-of free fatty acids and the myocardial extraction of this 
Substrate before administration of agent (Fig. 2). The 
mean arterial-coronary sinus difference for free fatty 
acids was 0.25 + 0.08 umol/ml before contrast angiog- 
raphy. The mean coronary sinus flow in these 16 pa- 
tients at rest was 91 + 34 ml/min. At rest the uptake of 
ree fatty acids was 24 + 14 umol/min. 
After contrast left ventriculography, the myocardial 
iptake of free fatty acids increased. At 5 minutes after 
ntriculography the myocardial uptake of free fatty 
cids increased to 35 + 31 umol/min; this represents a 
nean percent change of 48.5 + 33.0 percent in the 16 
patients. The free fatty acid uptake was still signifi- 
„cantly increased at 20 minutes (p <0.001) (Fig. 3). As 
descril ed abel the arterial levels of free fatty 
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FIGURE 3. Histograms (mean + standard deviation) st 
myocardial uptake of free fatty acids (FFA) after left vent 
(POST LVG) in the 16 patients. The results are expressed ; 


of control. p «0.005 at 1 minute; p «0.001 at 5, 10, 15 am 
utes. 





































Myocardial extraction of glucose versus art 
free fatty acids: In the normal physiologic sta 
inverse relation exists between arterial free fatty ; 
and myocardial extraction of glucose.?? In 20 nori 
young volunteers, we found a correlation coeffici 
between the arterial free fatty acids and the arteria 
coronary sinus glucose difference of —0.73 (n = | 35 
Figure 4 shows a similar relation in the 16 patients: b 
fore injection of contrast medium. The arterial-coronar 
sinus difference for glucose in these 16 patients befor 
the injection of contrast medium was 0.180 4 0.1: 
umol/ml (mean + SD) and the myocardial uptake « 
glucose was 17 + 15 umol/min. The myocardial uptak 
of glucose decreased following ventriculography cor 
pared with these baseline values (Fig. 5). Thus at a time 
when the arterial free fatty acid levels were falling, 
myocardial glucose extraction was also decreasin 

Arterial free fatty acid level versus myocardi: 
lactate extraction: The arterial level of free fatty ac 
also has an effect on the myocardial ext 
tate.*5-°5 An inverse relation exists between arte 
fatty acids and lactate extraction; in 20 young volt 
the correlation coefficient was -0. T 2 1 = = 30 þi 
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uptake of glucose after left ventriculography 
are expressed as in Figure 3. p «0.001 between 
1 values at 1, 5, 10, 15 and 20 minutes after ventric- 


| was found before the injection of contrast agent 
6). This relation existed for group data (Fig. 6) and 
for individual subjects whose arterial free fatty 
-have been altered with heparin.?? Before left 
iticulography the mean arterial-coronary sinus 
difference for lactate was 0.184 + 0.113 umol/ml for 

hese 16 patients and the myocardial uptake was 15 + 
nol/min. After ventriculography, the myocardial 
ke of lactate was significantly decreased from the 
ine value (Fig. 7). 

Myocardial lactate and glucose extraction re- 
ated to arterial free fatty acids: If the normal 
physiologic factors that influence the myocardial ex- 
action of the various substrates exist after the injec- 

on of contrast medium, the myocardial extraction of 
actate and glucose should increase as the arterial free 
y acids are decreased. Likewise the extraction of free 
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pressure were 65 + 17 beats/min and 97 + 12 mm Hg, 
respectively. The alterations induced by contrast left 
ventriculography in the heart rate, mean arterial pres- 
sure and coronary sinus blood flow are shown in Figure 
8. These hemodynamic variables had returned to 
baseline levels at 10 minutes after contrast ventricu- 
lography; however, the metabolic alterations were still 
significant 20 minutes after ventriculography. 
Coronary sinus contrast injection: Figure 9 shows. 
the changes in arterial levels of free fatty acids after a 
10 ml injection of Renografin-76 in the coronary sinus 
and after the left coronary arterial injections. The al- 
terations in myocardial uptake of free fatty acids, glu- 
cose and lactate induced by contrast medium injected 
into the coronary sinus and the left coronary artery re- 
sembled those after contrast ventriculography. 


Discussion 


Our study demonstrates that contrast angiography 
significantly alters the myocardial uptake of various 
substrates. These metabolic alterations occur within 
minutes after the intravascular injection of contrast 
medium and are still significant at 20 minutes after the | 
injection. Previous reports?? indicate that the hemo- 
dynamic and electrophysiologic changes induced by 
radiographic contrast medium return to baseline values 
within 10 to 15 minutes. In this study, heart rate, mean 
arterial pressure and coronary blood flow returned to 
baseline values within 10 minutes after the injection of 
contrast agent. However, the metabolic variables re- 
mained significantly altered at 20 minutes. T 

Effect of contrast medium on myocardial meta- | 
bolic studies: Myocardial metabolic studies have been 
performed after contrast angiography after the hemo- 
dynamic variables returned to control values.!?-1? Lesch 
et al.!? assessed the effects of glucose, insulin and po- 
tassium infusion during pacing in patients with coro- 
nary artery disease. The majority of their patients had 
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ay be related to the effect of contrast medium. 
study was performed after diagnostic angiog- 
t the second study was performed without the 
contrast agent. In addition, contrast me- 
on used to verify the position of the catheter 
‘onary sinus before the metabolic study?9-24. 
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grafin-76, a significant decrease (p 
present. Total protein and hematocr 











not secondary to a dilutional effect of 
contrast medium. In the baseline 
positive correlation exists between t 
take of free fatty acids and the arteria 
acids.???* However, after the intravascular 
contrast medium, there was an increase in 
cardial uptake of this substrate despite a fall 
terial level of free fatty acids. All patients in this 
had symptoms of ischemic heart disease and a sign 
cant lesion in at least one coronary artery. The effect « 
contrast medium on the myocardial metabolism of fre 
fatty acids in human beings without coronary disease 
is not known. However, Oppenheimer et al.?7 found a 
similar increase in the myocardial uptake of free fatty 
acids after selective intracoronary injections of Reno- 
grafin-76 in anesthetized dogs. The reason for this in- 
crease in uptake of free fatty acids is not certain. In 
plasma, free fatty acids are bound to albumin.?? On 
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on myocardial lactate 
abolism: In the fasting state, there is 
on between the arterial level of free fatty 
:ardial extraction of glucose.?? Also 
orrelation exists between arterial free fatty 
myocardial lactate extraction??35: that is, at 
arterial levels of free fatty acids, the extraction of 
and glucose will increase. After injection of 
t medium, these physiologic relations no longer 
g. 5 and 7). With decreasing arterial levels of 
ee fatty acids after ventriculography, the myocardial 
ptake of glucose and lactate also decreases. Visioli and 
associates 19^! reported a similar decrease in myocardial 
ctate extraction after contrast angiography. Although 
t ie decrease i in lactate extraction was more pronounced 
in the patients with significant coronary lesions, a de- 
- crease in lactate extraction was also present in the group 
- without significant coronary disease. Free fatty acids 
and glucose were not measured by these investiga- 
: : tor. o 
|. In addition to the effects on glucose, lactate and free 
‘fatty acids described in this report, contrast medium 
_also interferes with hemoglobin-oxygen binding.*?*° 
Rosenthal et al.*? reported an increase in the affinity of 
hemoglobin for oxygen after the injection of contrast 
medium. This leftward shift of the oxygen-hemoglobin 
dissociation curve lasted for 40 minutes after angiog- 
Taphy. - 

_ Methodology: This study measures the transmyo- 
-cardial flux or the arterial-coronary sinus differences 
of various substrates. The myocardial uptake or ex- 
traction of a substrate is usually calculated by the ar- 
-terial-coronary sinus difference in chemical concen- 
-tration for that substrate. However, by using tracer 
techniques, wet‘ as well as other investigators?^ 45 have 
. shown that “true” or actual myocardial uptake of var- 
ious substrates such as lactate or free fatty acids is not 
ways equal to the arterial-coronary sinus difference. 
More importantly the oxidation or utilization of a 
ibstrate cannot be equated to the extraction or uptake 
determined by differences in the chemical concentra- 
ons. 44,46 Thus this study does not define the changes 
iat may be occurring in intramyocardial intermediary 
etabolism secondary to contrast medium. 
Aechanism of myocardial metabolic effects: Al- 
sh numerous reports have described and docu- 
ed the various hemodynamic and electrophysio- 
effec s of contrast media, the mechanisms for these 
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intravascular t romotie cóntrast 
medium, there a e shifts n extra- and intracellular 
fluids resulting i in an increase in plasma volume.547 
Associated with these changes in extra- and intracellular 
fluids are marked alterations and shifts in electrolytes 
and calcium.49:4? The effect of these abrupt shifts in ions 
and fluids on myocardial metabolism is unknown. Other 
investigators??-^? have proposed a direct toxic effect of 
contrast material on the myocardium. Using an isolated 
perfused canine heart and maintaining constant volume 
and afterload, Lipton et al. reported that the decreases 
in left ventricular contractility were independent of the 
osmotic effect. Lohr et al.*? found particles of contrast 
agent in both extra- and intracellular space in autora- 
diographs using ?H-labeled Urografin® and Angiogra- 
fin? in human and guinea pig hearts. Oppenheimer’ 
reported that metabolic alterations may be secondary 
to mitochondrial damage induced by contrast agents. 
In our study the metabolic alterations following the 10 
ml injection of contrast medium in the coronary sinus 
were similar to those described after left ventriculog- 
raphy. Hemodynamic changes usually occur immedi- 
ately after left ventriculography,!-919! but with this 
10 ml injection into the coronary sinus, there was no 
significant change in the heart rate or arterial pressure. 
This finding suggests that the metabolic changes are 
directly related to the contrast medium and are not 
secondary to the hemodynamic alterations induced by 
the contrast agent. Whether the metabolic changes 
described in this report are secondary to the abrupt 
fluid and ion shifts or to a direct toxic effect of the | 
contrast medium on enzymes or subcellular structures 
remains to be determined. 

Implications: Our findings demonstrate that con- . 
trast medium alters the myocardial uptake of various 
substrates and that these changes persist after the he- 
modynamic variables have returned to baseline levels. 
Myocardial metabolic data obtained after the injection 
of contrast agent must be interpreted cautiously be- 
cause they may not represent the baseline physiologic 
state. 
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The effects of intense and prolonged exercise training on the heart were 
studied with echocardiography in eight men with coronary artery disease 
with a mean age (+ standard error of the mean) of 52 + 3 years. Training 
consisted of endurance exercise 3 times/week at 50 to 60 percent of the 
measured maximal oxygen uptake for 3 months followed by exercise 4 
to 5 days/week at 70 to 80 percent of maximal oxygen uptake for 9 
months. Maximal oxygen uptake capacily increased by 42 percent (26 
+ 1 versus 37 + 2 ml/kg per mir; p <0.001). Heart rate at rest and sub- 
maximal heart rate and systolic blood pressure at a given work rate were 
significantly lower after training. Systolic blood pressure at the time of 
maximal exercise increased (145 + 9 before versus 166 + 8 mm Hg after 
training; probability [p] <0.01). Left ventricular end-diastolic diameter 
was increased after 12 months of training (from 47 + 1to 51+ 1mm;p 
<0.01). Left ventricular fractional shortening and mean velocity of cir- 
cumferential shortening decreased progressively in response to graded 
isometric handgrip exercise before training but not after training. At 
comparable levels of blood pressure during static exercise, mean velocity 
of circumferential shortening was significantly higher after training (0.76 
+ 0.04 versus 0.98 + 0.07 diameter/sec, p <0.01). No improvement in 
echocardiographic or exercise variables was observed over a 12 month 
period in another group of five patients who did not exercise. Thus the data 
suggest that prolonged and vigorous exercise training in selected patients 
with coronary artery disease can elicit cardiac adaptations. ! 


The circulatory adaptations to endurance training in patients with 
coronary artery disease include improvement in exercise tolerance and 
lessening of effort angina anc ischemic S-'T segment changes. These 
changes are considered to be primarily due to peripheral adaptations 
resulting in a lower product of systolic blood pressure and heart rate 
(rate- -pressure product).!7* Data from previous studies suggest that 
exercise training does not improve left ventricular function in patients 
with coronary artery disease. In contrast, it has been reported?? that left 
ventricular performance in highly trained rats deteriorates less with 
hypoxia or ischemia than it does in untrained rats. $ 

In clinical studies in which exercise training did not alter left ven- 
tricular performance, the training was relatively brief in duration and 
low in intensity compared with that used in animal experiments. Thus, 





insufficent training stimulus may, at least in part, account for the re- 


ported lack of cardiac effects in patients with coronary artery disease. 
Recently, we? demonstrated that prolonged and vigorous exercise 
training diminished electrocardiographic criteria of myocardial ischemia 
in some patients with coronary artery disease. In the e present study b 










EXERCISE TRAINING AND CORONARY ARTERY DISEASE—EHSANI ET AL. 


Methods were taking propranolol and two long-acting nitrate. Only one 


Study patients (Table I): The study group comprised eight had effort angina. 


consecutive men with coronary artery disease, aged 42 to 62 


years, who (1) had completed 12 months of exercise training, Exercise Testing Procedures 











and (2) had a good quality exercise echocardiogram. Because Dynamic exercise: Each patient underwent the following 
the specific goal of this study was to assess the effects of pro- exercise tests, 1 week apart, before and after 12 months of 
longed and intense exercise training, only a small number of training: (1) A treadmill multistage exercise test according to 
patients were included. Six had a single previous myocardial the Bruce protocol!®; (2) a maximal treadmill test for mea- 
infarction documented by characteristic symptoms, evolving surement of maximal oxygen uptake capacity using a modified 
electrocardiographic changes and serial elevations of plasma Bruce protocol as previously described?; and (3) a maximal 
creatine kinase activity. The minimal interval between myo- progressive bicycle ergometer (Quinton model 845) test to 
cardial infarction and enrollment in the study was 4 months determine maximal oxygen uptake capacity.? The end point 
(average 13 months). The two patients who did not have a of all exercise tests was exhaustion except for the two patients 
prior myocardial infarction (Patients 2 and 8) had angio- with angina. The six patients who were not limited by angina 
graphically documented severe (greater than 75 percent ob- attained their true maximal oxygen uptake capacity. In the 
struction of luminal diameter) coronary artery disease. Al- patients with angina, symptom-limited maximal oxygen up- 
though four patients were taking long-acting nitrates, only two take was determined. The “leveling off" criterion (that is, no 
had effort angina at the time of entry into the study, and the further increase in oxygen uptake with increasing work rates) 
remaining six were symptom-free. Five patients were taking was used to define the true maximal aerobic power. For 
propranolol. The dose of propranolol remained constant measurement of oxygen uptake, expired gas was collected in 
throughout the study period except in two patients. Use of this Douglas bags and analyzed for oxygen and carbon dioxide with 
drug was discontinued in Patient 2 after 4 months of training. a mass spectrometer (Perkin-Elmer MGA 1100). The volume 
In Patient 8, the dose of propranolol was gradually reduced of expired air was measured with a Parkinson Cowan (PC4) 
from 160 to 40 mg daily. In this patient the dosage was raised dry gas meter that was calibrated with a Tissot spirometer. 
to the initial level for 6 days before the final tests. All the exercise tests were performed 2 hours after a meal and 
Control patients (Table I): To assess the possibility that 3 hours after the last dose of medications. The electrocardi- 
spontaneous changes in left ventricular function unrelated ogram was continuously monitored and blood pressure was 
to the endurance training may have occurred over the 1 year measured with a mercury sphygmomanometer 30 seconds 
study interval, we studied five additional men, aged 39 to 50 before the end of each stage of the exercise test. 
years, with coronary artery disease. These patients were se- Isometric exercise: Isometric exercise of graded intensity 
lected on the basis of the following criteria; (1) initial maximal was used during echocardiographic examination as a means 
exercise capacity comparable with that of the exercise group; of increasing blood pressure abruptly and of examining left 
(2) a minimal interval of 4 months between myocardial in- ventricular performance during the acute pressor response. 
farction and study; (3) availability of a good quality exercise Isometric exercise was performed with each patient in the 
echocardiogram; and (4) inability to make the time commit- supine position using a commercially available handgrip dy- 
ment required for prolonged training. All of these control namometer (JAMAR Dynamometer, Los Angeles, California) 
patients had experienced a single myocardial infarction, with before and after 12 months of training. All subjects were in- 
an interval between the myocardial infarction and enrollment structed to exert a maximal compressive force with the dom- 
into the study ranging from 4 to 24 months. Three patients inant hand on three occasions, interspersed with 2 minutes 
TABLE | 
Clinical Features and Maximal Treadmill Exercise Data in Study Patients 
Treadmill Time VO» max 
(seconds) (ml/kg per min) 
Age Months TRE AMMEN MRT Nie’ S. X70 hr E I 
Case (yr) After MI Initial 1 Year Initial 1 Year 
Training Group 
1 42 E 545 630 27 38 
2 44 -— 420 600 21 36 
3 58 5 620 660 32 39 
4 62 8 330 540 20 33 
5 58 4 520 600 23 31 
6 54 48 450 562 30 33 
7 46 8.5 410 660 28 42 
8 43 -— 453 630 27 44 
Mean 52 13 469 610* 26 37t 
+SEM 3 7 30 15 1 2 
Control Group (n = 5) 
Mean 45 9 461 480 251 27i 
X SEM 2 4 27 28 1 2 
* T probability (p) values: * p <0.01, ! p <0.001 (comparison between initial values versus values at 1 year). t = VO» max was measured in four 


patients. ; 
Data are presented as mean values + standard error of the mean (SEM). MI = myocardial infarction; VO»? max = maximal oxygen uptake. 
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hie Biniterdg. and blood pressure was 
ith a mercury sphygmomanometer during each 
: andgrip contraetion simultaneously with the echo- 
rdiographic examinations. 


'hocardiographic | Examinations 


M mode echocardiographic examinations were performed 
with an Ekoline-20A ultrasonoscope (Smith-Kline) with a 2.25 
megahertz unfocused transducer, interfaced with a Cambridge 
multichannel strip chart recorder, as previously described.!! 
After 15 minutes of rest, the recordings were made with the 
subjects supine during keld expiration. Care was taken to 
avoid the Valsalva maneuver by repeated instructions. 
|. Echocardiograms were taken 3 hours after the last dose of 
_ medications and 24 hours after the last period of exercise. 
_ After baseline recordings at rest, echocardiograms were re- 
.' corded during the last 10 to 15 seconds of isometric contrac- 
tions with simultaneous measurements of blood pressure. The 
ransducer : was placed parasternally, perpendicular to the 
chest wall in the third or fourth left intercostal space with the 
ultrasonic beam directed to the left ventricle just below the 
ips of the mitral valve leaflets at the level of the chordae 
tendineae. Three to four cardiac cycles were averaged for each 
- measurement. 

_ Measurements: End-diastolic dimension was defined as 
. the distance between the left side of the interventricular 
_ septum and the posterior wall endocardium at the onset of the 
- QRS complex of the electrocardiogram. End-systolic di- 
| mension was measured from the posterior wall endocardium 
to the left side of the interventricular septum at the point of 
maximal anterior motion of the posterior wall. End-diastolic 
posterior wall thickness was defined as the distance between 
he posterior wall endocardium and epicardium at the onset 
of the QRS complex. Left ventricular fractional shortening, 
which correlates closely with ejection fraction,!? was calculated 
as: Fractional shortening = (End-diastolic dimension — 
Hind systolic. dimension) x 100/End- diastolic dimension. 














; | as: Tkind:diastolic acude — End-systolic dimen- 
end-diastolic dimension X Ejection time!5; the ejection 
'as measured from the onset of the rapid upstroke to the 
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Exercise Training Program 


The 12 month exercise program has been described previ- 
ously.? Briefly, each exercise session consisted of 10 to 15 
minutes of warm-up exercises followed by alternate walking 
and jogging, and continuous jogging on an indoor track or 
bicycle ergometer exercise, or both. Patients were expected 
to exercise 3 times a week during the first 3 months and 5 
times a week thereafter. The duration of exercise was 30 
minutes initially and was gradually increased until all patients 
were exercising continuously for 50 to 60 minutes (usually 
within 6 months). The intensity of exercise was adjusted to 
elicit 50 to 70 percent of the patient’s maximal oxygen uptake 
capacity during the first 3 months. Subsequently, it was pro- 
gressively increased to 70 to 80 percent of maximal oxygen 
uptake capacity with two to three intervals of 2 to 5 minutes: 
of training requiring 80 to 95 percent of maximal aerobic 
power interspersed throughout the training sessions. Each 
patient's clinical status was thoroughly evaluated at regular 
intervals before the intensity of training was increased. The 
heart rate was measured initially by radiotelemetry and 
subsequently by periodic electrocardiographic monitoring and 
palpation of the pulse. Measurements of maximal oxygen 
uptake capacity were repeated every 2 to 3 months in order 
to assess the patients' exercise tolerance and to adjust the 
training intensity to the desired percentage of maximal aerobic 
power. 

Statistical analvsis: One way analysis of variance was used 
to determine the significance of changes in left ventricular 
function during graded isometric exercise. The paired t test 
was used to compare the variables between the trained and 
untrained states. No comparison was made between the: 
training and contro! groups. Values presented are mean values 
+ standard error of the mean. 


Results 


Adherence to tne program was excellent; the average 
attendance rate was 4.7 days a week for the last 9 


months of training. Exercise performance improved 


considerably in response to training and all patients 
were running 4 tc 6 miles continuously at each exercise. 
session, averaging 20 to 30 miles a week. No coronary 
events (myocardial infarction or cardiac arrest) occurred. 
during the study. Patients 7 and 8 who had chronic 
stable effort angina at the time of entry into the study 
became asymptomatic and after 4 months of training 
did not experience angina even during maximal exercise 
tests. There was a modest but significant weight loss. 
during the 12 months of training (72 + 3 to 70 + 3 kg; p 
<0.02). 


Adaptive Responses to Dynamic Exercise 


Maximal oxygen uptake capacity (Table D: i 
Maximal aerobic power increased considerably in re- 
sponse to training. Maximal oxygen uptake capacity, 
expressed as.liters/min, increased from 1.89 + 0.20 to 
2. 04 d 9. LIO 4p $0001). Because of weight] loss, maximal 














m E 1, probability (p) values: * 
ver four of the patients. 





produer. ‘SBP = systolic blood pressure. 


"a an average of 42 percent from 26 + 1 to 37 + 2 ml/kg 
per min during treadmill exercise after 12 months of 
training. Maximal oxygen uptake capacity during bi- 
- cycle ergometer exercise increased from 23.8 + 1 to 32 
x 2ml/kg per min (p <0.001). In four of the untrained 
. subjects whose maximal aerobic capacity was measured, 
_ there was no significant change in this value during the 
-observation period. 
—.. "Maximal oxygen pulse (Table II): Maximal oxygen 
..- pulse, defined as maximal oxygen uptake divided by 
-> heart rate at the time of maximal exercise, increased 
. considerably by an average of 33 percent. The increase 
in maximal oxygen pulse was evident even though 
. maximal heart rate was significantly higher after 
training. 
. Heart rate (Table II): There was a significant re- 








beats/min (p «0.01). The decrease in resting heart rate 
vident even though four patients were taking 
oropranolol. During submaximal dynamic exercise at 














HR ( beats min?) 


URE. 1. Effects of endurance training on heart rate 
stolic blood itin bie and rate-pressure 


Trained Group 


p <0. 01, t p «0.001, t p «0.02 (initial value versus value at 1 year). § Maximal oxygen pulse was meas 


. Data are presented as mean values + standard error of the mean (SEM). HR = heart rate; Oz puls@max = = maximal oxygen pulse; RPP = 3 rate 


ion in resting heart rate from 59 + 2 to 56 + 2. 
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selected work rates, heart rate was significantly lows 
after training (Fig. 1). Heart rate at maximal dynami 
exercise increased significantly after training. In 
untrained subjects, no significant change in the resting 
submaximal or maximal heart rate could be detect 
over a 12 month period. x 
Blood pressure (Table II): Systolic and diast 
blood pressure at rest did not change significantly wit} 
training (120 + 8 versus 117 + 6 and 81 4 versus 79 
3 mg Hg for systolic and diastolic blood pressure, r 
spectively). However, 12 months of training resulted ir 
a lower systolic blood pressure during submaximal 
ercise at a given work rate (Fig. 1). In contrast, sy 
blood pressure attained at e time of maximal 





ei in the control group. 
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orasented as mean i values +. standard error of the mean. 
end-diastolic diameter; ESD = end-systolic diameter; FS = 
tening; MVC_= maximal voluntary contraction; PWT = 
wall thickness; Veg = mean velocity of circumferential 


Rate „pressure product: As a result of a slower heart 
and lower blood pressure, the submaximal rate- 
‘ssure product was significantly less at a given work 
fter training (Fig. 1). The maximal rate-pressure 
roduct increased significantly by an average of 25 
cent after training. 





leproducibility: The differences in the echocar- 
liographic variables in the repeated tests were small. 
e 95 percent confidence interval averaged 1 mm for 
I-diastolic diameter, 1.2 mm for end-systolic diam- 
er, 0.6 mm for posterior wall thickness, 2.4 percent for 
fractional shortening and 0.06 diameter/s for mean ve- 
locity of fiber shortening. The average coefficient of 
variation for the measured and derived indexes were as 
follows: end-diastolic diameter 1.7 percent, end-systolic 
diameter 3 percent, posterior wall thickness 6 percent, 














Trained Patients (n = 8) 


Rest 40% MVC 


4741 51-4 1 
50 + 15 511 
3241 38 + 2? 
35+ 18 3641 
33.42 26 + 2* 
32 X 1 302 
59 42 66 + 2! 
56 + 28 70+ 3! 
+3 | 144 + 7! 
1B + 4 „143 3t P 
<0. 


isometric Exercise 


60% MVC Rest 


80 + 5! 


161+ 107 
183 + 12! 





(Table IV E End- diastolic £e pibe dines 
were increased significantly after training. Posterior 
wall thickness increased modestly from 8 + 0.5 to 9 + 
0.5 mm (p <0.01). Training did not affect fractional 
shortening or mean velocity of fiber shortening at rest 
(Fig. 2). 

In the control sub jects, there were no significant 
changes in the echocardiographic variables throughout 
the 12 month period. The initial values for end-diastolic 
diameter corrected for body surface area were 26 + 0.8 
mm/m? for the training group and 27 + 1 mm/m? for the | 
untrained group. End-systolic diameter index averaged is 


18 + 2 in the training group and 19 + 0.7 mimm in the po 


untrained group. 


Response to Isometric Exercise m 

Heart rate (Table IV): Handgrip isometric exercise, 
at 40 and 60 percent of maximal voluntary contraction, 
resulted in significant increases in heart rate both before 
and after training. Although the values for heart rate did 
not differ during isometric exercise, the percent increase 
in heart rate was higher after training (12 versus 25 
percent and 29 versus 43 percent with 40 and 60 percent 


of maximal voluntary contraction, respectively; both p. - 


«0.05). Heart rate increased significantly during iso- 

metric exercise in the untrained group both initially and ut 

a year later. us 
Blood pressure (Table IV): Systolic blood pressure C 


increased significantly during static exercise at 40and __ 


60 percent of maximal voluntary contraction before and 
after training. Isometric exercise also resulted in a sig- 


Untrained Patients vm = 5) 


-isometric Exercise - 
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| MEAN BLOOD PRESSURE ( mm Hg) | | 
s FIGURE : 2. Effects of training on mean velocity of circumferential fiber shortening (mVcr) at rest and during isometric exercise. In the vained Qr 





iE (left panel), the resting values for mean velocity of circumferential fiber shortening were not different before and after training. During the abru 


.. Increase in blood pressure induced by isometric exercise at 40 and 60 percent of maximal voluntary contraction, the mean velocity of circumferential 
-. fiber shortening progressively and significantly (* p <0.01) declined from the resting level before training (closed circles). In contrast, it did not 
"change from the resting level after training (open circles). At any given level of mean blood pressure, the mean velocity of circumferential fiber 
_ shortening was significantly (t p <0.01) higher after training than before training. In the untrained patients (right panel), it decreased progressively 


-(* p <0.01) in response to the acute pressor response both initially and a year later. Mean blood pressure increased (p <0.01) from the restin | 


" level in both groups. 


D nificant increase in diastolic blood pressure (from 70 + 
'.2to 128 + 13 mm Hg at 60 percent of maximal voluntary 
. contraction before training and from 73 + 2 to 129 + 14 
Mmm. Hg after training; both p «0.01). Mean blood 
- pressure, defined as (SBP + 2DBP)/3DBP, where SBP 
. is systolic blood pressure and DBP is diastolic blood 
. pressure, increased with static exercise (Fig. 2). Training 
. had no effect on the blood pressure response to iso- 
metric exercise. The changes in blood pressure during 
: isometric exercise in the untrained group were similar 
_ to those in the training group. 
Changes in left ventricular function during iso- 
< metric exercise (Table IV): Before training, end- 
- diastolic diameter increased significantly in response 
*to 60 percent of maximal voluntary contraction. In 
- contrast, the changes in end-diastolic diameter were not 
-significant after training. End-systolic diameter in- 
creased with 40 and 60 percent of maximal voluntary 
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cardiac adaptations it in these patients 





contraction before training. However, it did not change 
after training. Fractional shortening decreased signif- _ 
icantly during 40 and 60 percent of maximal voluntary . 
contraction before training but not after training. 
Furthermore, at 60 percent of maximal voluntary con- : 
traction, fractional shortening was significantly higher : 
after training than before training. The changes in mean 
velocity of circumferential shortening during isometric _ 
exercise were similar to those of fractional shortening. | 
At comparable levels of mean blood pressure, mean | 
velocity of circumferential shortening was significantly _ 
higher after training (Fig. 2). The untrained subjects | 
exhibited a progressive decrease in fractional shortening : 
and mean velocity of circumferential shortening in re- 
sponse to isometric exercise both initially and a year | 
later. On both occasions at comparable levels of blood _ 
pressure, the values for mean velocity of circumferential | 
shortening and fractional shortening were similar in - 
response to isometric exercise in this group (Fig. 2 and : 
Table IV). 
As systolic blood pressure increased in repii LO 
isometric exercise, end-systolic dimension became si 
nificantly larger before training whereas, at compare 
levels of systolic pressure, it did not change apprecia 
from the resting value after training. Thus, at any ; 
level of systolic blood pressure, the increment i 
systolic diameter was smaller after training (Fig 
the untrained group, end-systolic diameter. 
significantly during isometric exercise. on both 
sions. 
































Discussion 2 S 

Previous studies on exercise training: Pr 
studies have shown that exercise training. 
with coronary artery disease increases exercise 
and the minimal work required to inc 
However, they have not demonstrate: 






























ning in und: Jesuits almost a in 
; l adaptations involving skeletal muscles and 
Y onomic nervous system without any appreciable 
anges in the heart itself. 

Role of intensity of exercise training: Because the 
ntensity of. training stimulus in animal experiments, 
dn which improvement in intrinsic cardiac function and 
_in apparent myocardial ischemia have been demon- 
_ strated, was greater than that customarily used in pa- 
. dents with coronary artery disease, it is possible that 
_iack of cardiac effects in such patients may be due to a 
elatively low level of training. We? recently reported 
mprovement i in electrocardiographic manifestations 
f myocardial ischemia in asymptomatic patients with 
'oronary artery disease after 1 year of intense training. 
- Dur present findings are consistent with these obser- 
vations. The training intensity we employed was sub- 
_ stantial as evidenced by a large increase in the maximal 
oxygen uptake capacity (42 percent), significant rise in 
maximal oxygen pulse, and disappearance of angina. All 
_ but two subjects (Patients 7 and 8) attained their true 
"maximal oxygen uptake capacity as evidenced by the 
leveling off criterion and a respiratory exchange ratio 
greater than 1.20. Even when the patients with angina 
- were excluded, the increase in maximal aerobic capacity 
_was substantial (40 percent) in response to 12 months 
f training. Highly motivated healthy subjects can at- 
tain high levels of maximal aerobic capacity after only 
few weeks of intense training. Patients with ischemic 
eart disease require a much longer time to attain a 
elatively high level of training because it is essential 
at the intensity of the training be increased cautiously 
nd gradually to avoid serious cardiac complications in 
hese patients. 

ardiac a to idees and intense 
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have contributed to o ardide imp dina in our patients 
because slowing of the heart rate alone results in a de- 

crease in left ventricular wall thickness.?? The ratio of 
left ventricular wall thickness to radius in our patients 

averaged 0.37 + 0.02 after training, a value similar to 
that previously reported for chronic compensated vol- 

ume overload hypertrophy in human beings.?! 

Effect of isometric exercise: We used graded iso- 
metric exercise to induce abrupt elevation of blood 
pressure. This approach is particularly suitable for as- 
sessing left ventricular performance after training be- 
cause the adaptive attenuation of blood pressure re- 
sponse to dynamic exercise is not manifested when ex- 
ercise involves the use of the untrained muscle 
groups.???? Furthermore, activation of a small muscle 
mass is likely to evoke a higher blood pressure response 
with a much smaller decrease in peripheral vascular 
resistance as compared with exercise involving a larger 
muscle mass.?* Thus, during handgrip static exercise, 
the magnitude of the acute pressure load on the left 
ventricle was unaffected by the lower limb training 
(Table IV). Before training, end-diastolic diameter in- 
creased in response to high intensity isometric exercise. 
On the other hand, it did not change significantly after 
training, which is considered a normal response.?5.26 
This may be due to an improvement in left ventricular 
function because significant left ventricular dilatation 
was prevented or to an initially larger end-diastolic di- 
ameter. 

All of our patients exhibited progressive deteriora- 
tion of left ventricular function during isometric ex- 
ercise before training; this finding is consistent with 
previous observations.?' The reduction in ejection phase 
indexes of left ventricular contraction with isometric 
exercise is most likely due to (1) the increased myocar- 
dial oxygen demand resulting in myocardial ischemia, 
or (2) possible coronary vasoconstriction during static 
exercise, or both.?? After training, all patients exhibited 
improvement in left ventricular function as evidenced 
by lack of decline in fractional shortening or mean ve- 
locity of circumferential fiber shortening at similar . 
levels of blood pressure attained during isometric ex- - 
ercise. In addition, at comparable levels of systolic blood 
pressure, the increment in end-systolie diameter during 
isometric exercise was much smaller after training. 
End-systolic dimension or volume is affected primarily 
by the inotropic state of myocardium and end-systolic 
or peak systolic pressure.??-?! The response of end- 
systolic diameter to isometric exercise after training . 
resembled that of normal subjects.?6 e 

Possible mechanisms responsible for the apparent 
improvement in left ventricular performance after 
exercise training are improvement in myocardial 
ischemia or adaptive processes involving the normal — 
temone of Joypcardiuti, or both. The improvement of 

icula iG ! inot be attributed to a lesser 

tension after training. P 

















rease in n heart rate ma 1 galing AE uce cat of left 
ricular contraction,?? it is unlikely that improve- 
in left ventricular function in these patients after 
' was mediated by the greater increase in heart 
bserved during isometric exercise (‘Table IV) be- 
increase in heart rate in patients with ischemic 
ease, at similar levels of systolic blood pressure 
ntricular volume, may result in myocardial 
ia and depression of left ventricular function. 
Possible limitations of study: The limitations and 
* potential pitfalls in the use of M mode echocardiogra- 
^: phy in patients with coronary artery disease are fully 
— recognized. The echocardiographic indexes may not 
: necessarily reflect the status of global left ventricular 
+ function. Furthermore, changes in the echocardio- 
-graphic variables should be interpreted with caution, 
particularly in longitudinal studies, because it is possible 
that even small variations in the angulation of the 
~ transducer, especially in the presence of segmental wall 
. motion disorders, can influence the measurements. 
t. However, it is unlikely that the changes observed after 





























training were. spuriot 
pitfalls in the echocardiog: 
lowing reasons: (1) Ther : 
in this small group of patie ts was g 
ably low coefficient of variation. (: 
as his own control. (3) If the changes w 
the training, one would expect random v 
measured and derived indexes; in these pe 
changes observed after training were quite un 
In the untrained group, the echocardiographic s 
after 12 months were similar to those initia 
corded. 
Clinical implications: The data indicate that pr ES 
longed and vigorous exercise training results not only | 
in peripheral adaptations but also in cardiac changes | 
characterized by left ventricular enlargement. and. 
probable improvement in left ventricular performance | 
in selected patients with ischemic heart disease. Addi- 
tional studies are needed to corroborate these obse 
vations. T 
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The pathophysiologic correlates of right ventricular ejection fraction, a 
well as its relation to contractile function as assessed by systolic pres- _ 
sure-volume data, were evaluated in 20 patients with chronic obstructive 
pulmonary disease. Radionuclide and hemodynamic measurements were _ 
obtained simultaneously. Baseline determinations were obtained in all 
patients. In seven patients, studies were repeated after intravenous ad- 
ministration of sodium nitroprusside. This procedure allowed character- - 
ization of right ventricular performance at decreased afterload and pro- _ 
vided two points necessary for definition of the right ventricular systolic - 
pressure-volume relation. Seventeen of the 20 patients had a depressed _ 
right ventricular ejection fraction (less than 45 percent). There was a __ 
strong inverse linear correlation between right ventricular ejection fraction 
and afterload as assessed by peak or mean pulmonary arterial pressure — 
(r = —0.81) and pulmonary vascular resistance index (r = -0. 73). Right 
















preload as assessed by right ventricular end-diastolic volume index t= = 
—0.56) and mean right atrial pressure (r = —0.51). It did not correlate _ 
with cardiac index, the ratio of peak pulmonary arterial pressure to right _ 
ventricular end-systolic volume index, arterial oxygen tension or left - 
ventricular ejection fraction. After nitroprusside administration, mean 
arterial pressure, peak pulmonary arterial systolic pressure and pulmonary 
vascular resistance index decreased significantly. The slope ( E) and the 
volume intercept (Vo) of each pressure-volume line were determined. 
Administration of dobutamine resulted in a leftward shift from the end- 
systolic pressure-volume line. There were poor correlations between E _ 
and right ventricular ejection fraction, as well as between E and the control - 
ratio between pulmonary arterial systolic pressure and end-systolic vol- 
ume index. v 
These data demonstrate that, in addition to intrinsic contractile influ- - 
ences, right ventricular ejection fraction is highly dependent on afterload, 
but less dependent on preload. Right ventricular ejection fraction is a po 
indicator of the slope of the systolic pressure-volume relation, raising 
questions concerning its use as an independent index of chamber ¢ 
tractility. (e 
























The study of the function of the right ventricle has immedia 

bility to acquired and congenital conditions that primarily or 
affect the performance of this cardiac chamber. There are 
physiologic and anatomic differences between the right anc 
ventricle;!~ these differences involve contrasting ventricular 
and surface area, variations in wall thickness and regional | 
differences in the ability to cope effectively with press 
stress. Therefore, concepts of. chamber performance: 
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he sh ce ae cecon fraction i in hunan 
1a as led to a ipie interest in 1 the character- 








X ae concerning pie ‘determinants iid 
yysiologic correlates of right ventricular ejection 
ion in human beings, as well as its relation to con- 
ile function as assessed by systolic right ventricular 
essure-volume relations. Definition of this relation 
3 of substantial importance in the right ventricle, be- 
ause the function of this chamber appears to be de- 
ndent on afterload conditions. Furthermore, no data 
: available comparing right ventricular end-systolic 
ssure-volume points to the actual slope, E, of the 
ys Jic pressure-volume curve. We addressed these 
ies in the present study in a well characterized group 
f patients with chronic obstructive pulmonary disease 
nd predominantly abnormal right ventricular perfor- 
mance at rest. Radionuclide/hemodynamic measure- 
nents were obtained simultaneously, and right ven- 
cular volumes were derived. 






























1.77 67 50 
1.01 67 39 
0.85 47 56 
1.66 40 49 
0.53 16 40 
2.59 62 64 
1.44 45 43 
1.09 29 39 
0.94 82 37 
61 1.15 50 46 
0.73 22 51 
1.41 51 50 
0.75 23 48 


di second to y 


FEV,/ VC 





| | capacity of less than 70 Lr All patients 
were fully characterized by pulmonary function testing and 
measurement of arterial blood gases (Table I). On the basis 
of percent predicted forced expiratory volume in 1 second, 4 
patients had mild (greater than 65 percent predicted), 3- 
moderate (50 to 64 percent predicted) and 13 severe (less than 
50 percent predicted) obstructive pulmonary disease. Two . 
patients had previous episodes of right heart failure. None had - 
electrocardiographic evidence of right ventricular hypertro- 
phy. None manifested clinical evidence of associated systemic 
hypertension, valvular heart disease, coronary artery disease _ 
or primary myocardial disease. None manifested clinical or 
hemodynamic evidence of tricuspid regurgitation. Eighteen _ 
were men and two were women; the mean age was 60 years e. 
(range 33 to 77). M 

Administration of all cardiopulmonary drug including Du 
methylxanthines, beta? receptor agonists, corticosteroids, 
diuretic drugs and digoxin, was discontinued at least 48 hours. 
before the study. At the time of the study, all patients were 
in a stable and compensated state; no patient had clinical 
evidence of right heart failure. Informed consent was obtained 
from all. 

Radionuclide technique: Patients were studied supine, 
at rest and in an unsedated postabsorptive state. First pass 
radionuclide angiocardiograms were obtained in the anterior 
position according to standard techniques using a comput- _ 
erized multicrystal scintillation camera and 1 inch (2.54 em): 
parallel hole collimation (Baird-Atomic System-77, Bedford, 
Massachusetts).!? A stabilization period of at least 30 minutes ^ 
after the placement of intravascular catheters preceded the 
first radionuclide study. For the radionuclide studies, 6 to 8 
millicuries (mCi) of technetium-99m diethylenetriamine 
pentaacetic acid was injected into the superior vena cava - 





DLCO 







PCO? 
(mm Hg) 


mi/min/ . 


mm Hg 









22.2 83 65 45 
7.0 35 80 56 
14.0 52 58 31 

13.1 53 55 35 
3.0 16 55 39 
3.5 111 83. 33 
13.7 48 73 41 

22.1 72 83 26 
4.5 20 45 31 
10.1 38 70 33 
— — 64 36 

23.3 5 
9.7 

20.3 | 
5.4 

15.8 

13.0 

29.3 

25.1 
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jections were checked for an intact nature 







minimum of 30 to 45 minutes elapsed between re- 
injections. Right and left ventricular ejection fractions 
easured as standardized and validated in this labora- 
Normal right ventricular ejection fraction with the 
at rest is 45 percent or greater, and normal left ven- 
ejection fraction under the same circumstance is 55 
r greater. 
ynamic technique: A balloon-tipped thermodi- 
Imonary arterial catheter was passed by way of a 
through an antecubital vein to the pulmonary artery. 
eart rate and rhythm were monitored continuously. Intra- 
_ vascular pressures. recorded from the fluid-filled catheters 
= -were measured using a Bentley transducer positioned 5 cm 
^... below the angle of Lewis and recorded on an Electronics for 
Medicine recorder (Echo IV). Systolic and diastolic pulmo- 
nary arterial pressures (PAP) and pulmonary capillary wedge 
pressures (PCWP) were measured by averaging data over at 
^ least two respiratory cycles. Mean pressures were obtained 
. by electronic integration. Because no patient had a pressure 
<< gradient across the right ventricular outflow tract, right 
_ ventricular end-systolic pressure was measured as the dicrotic 
.. hotch pressure in the pulmonary arterial pressure tracing. 
c. "Thermodilution cardiac output was measured in triplicate 
using injection of iced saline solution and a commercially 
... available computer (Edwards Laboratories, model 9520A). 
| The stated result represents the average of the three clustered 
. » measurements with less than 10 percent variation. 
From the hemodynamic data alone, and in conjunction 
with radionuclide right ventricular ejection fraction (RVEF), 
the following variables were derived: 





















Cardiac output 
Body surface area' 
Stroke volume index (ml/m?) « Cardiac index X 1000. 
Heart rate 
Pulmonary vascular resistance index (dynes-s-cm~*/m?) 
. 80 (mean PAP-mean PCWP) 
E Cardiac index l 


Cardiac index (liters/min per m?) = 


Right ventricular end-diastolic 


SVI 
bu. volume index (RVEDVD (ml/m?) = RVEF 
es "d Right ventricular end-systolic volume index 

| (RVESVI) (ml/m?) = RVEDVI — SVI. 


.. In seven patients who were representative of the entire 
—. group, after radionuclide and hemodynamic control mea- 
— . surements were obtained, intravenous infusion of sodium 
nitroprusside at a rate sufficient to reduce mean arterial 
< — pressure 15 to 20 mm Hg was begun. The infusion rate ranged 
>. from 0.5 to 1.5 mg/kg per min. When hemodynamic variables 
-had reached a stable state for 20 minutes, hemodynamic and 
<-> radionuclide measurements were repeated. This procedure 
= allowed characterization of right ventricular performance at 
. .. a decreased afterload and provided two points necessary for 
= definition of the linear relation between right ventricular 
systolic pressure and volume: 


EPASP = (RVESVD X E+B 
| Vo= = -B/E, 









the flotation ane arterial Iu 


i isaf ithe =e curve over the superior vena - 


measurement. 


. comparable with or less than those obta 
... correlation. In no instance y was an nexpot 


nary. arterial end-systolic pressure, : | | 
tion Sopra AV 


ti s right ventricular ‘end-systolic v volume index, Ei is 3 r a : 


min), and radionuclide and hersodynainh 
repeated after 10 minutes. This proced lowe 
stration of the responsiveness to inotropic stimulati 
latter group obviously represents a small sample, bu 
theless provides an example of the potential utilit 







Statistical analysis: Data are expressed: as mea 
+ standard deviation. Control and drug interventi 
were compared by paired £ test. Linear and expone 
gression equations were obtained by standard form 
probability (p) value of less than 0.05 was considered enu 
cant. ET 






Results 


Pulmonary function and arterial blood gases: 
Baseline pulmonary function and arterial blood gas data 
for the 20 study patients are shown in Table I. The 
forced expiratory volume in 1 second/vital capacity ratio 
averaged 46 + 15 percent (range 20 to 68 percent). The 
arterial oxygen tension during breathing of room ait 
averaged 67 + 12 mm Hg (range 49 to 89). 5 

Hemodynamic and radionuclide data (Table In: 
Mean right atrial pressure averaged 9 + 4 mm Hg (range 
2 to 15). Right ventricular end-diastolic volume index 
averaged 98 + 30 ml/m? (range 43 to 153). Mean pul- 
monary arterial pressure averaged 27 mm Hg (range 13 
to 43). Pulmonary vascular resistance index averaged 
503 + 213 dynes-s-cm~*/m? (range 184 to 948). Pulmo- 
nary capillary wedge pressure averaged 10 + 4 mm Hg 
(range 4 to 15) and was mildly elevated (greater than 12 
mm Hg) in eight patients. Right ventricular ejection 
fraction averaged 39 + 7 percent (range 29 to 53); at rest 
it was normal in 3 patients and depressed in the re- 
maining 17. Left ventricular ejection fraction averaged 
63 + 11 percent (range 46 to 83); it was normal in 14 
patients and only mildly depressed in 6 (46 to 54 per- 
cent). 

Correlation of right ventricular ejection fraction 
with other variables: In the 20 patients studied in the 
basal state, there was a strong inverse linear correlation 
between right ventricular ejection fraction and afterload 
as assessed by either peak or mean pulmonary arte 1 
pressure (r = —0.81, p <0.001) (Fig. 1A) and pulmor 
vascular resistance index (r = —0.73, p <0.001) 
1B). Right ventricular ejection fraction also c 
although less strongly, with preload as assessed 
ventricular end-diastolic volume index (r = 
<0.01) and mean right atrial pressure (r = 
<0.01) (Fig. 2, A and B). In contrast, right vent 
ejection fraction did not correlate with cardiac i 
= 0.05), the ratio of peak pulmonary arterial 
to right ventricular m volume index Gr 
arterial oxygen tension (r= left « 









































correlations of the data yielded. r puni t | 
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Cl = : . cardiac index x fiters/itin per m?); LVEF = left ventricular ejection fraction; PAP = mean pulmonary. arterial pressure (mm Hg); PCWP = = 
monary capillary wedge pressure (mm Hg); PPAP = peak pulmonary arterial pressure (mm Hg); P/V = systolic pressure-volume ratio (mm Hg/ml); 


* pulmonary vascular resistance index (dynes-s-cm 5/m?); RAP = mean right atrial pressure (mm Hg); RVEDVI = right ventricular end-diastolic 


deviation. 





Systolic pressure-volume relations in seven pa- 
tients at rest and after nitroprusside infusion 
(Table HT): After nitroprusside, mean arterial pressure 
decreased significantly from 111 + 8 to 94 + 8 mm Hg 
(p <0.001). Mean arterial pressure decreased by 15 to 
20. mm Hg in all patients. There was no significant 
change in heart rate after nitroprusside, suggesting that 
[ci sre were not activated during the infusion. 
















ulmonary S secular resistance index fell signifi- 
rom 534 + 152 to 450 + 134 dynes-s-cm-5/m? (p 
01). Individual values for pressure and volume ob- 
at rest and during nitroprusside infusion used 

be individual end-systolic pressure-volume 
ns are shown in Table III. In each patient, 





RVEF (%) 


tion of. right ventricular ejection 
indexes: of right ventricular af- 
peak pulmonary arterial 


[eim ine imm RVEF = right ventricular ejection fraction; RVESV! = right ventricular end-systolic volume index (ml/m?); SD = standard 


calculations were based on both pulmonary arterial 
end-systolic pressure and peak pulmonary systolic 
pressure. When end-systolic pressure was. used, the 
slope (E) of the pressure-volume lines ranged from 0.32 
to 1.0 mm Hg/ml per m? and the volume intercept (Vo) 
ranged from —68 to 27 ml/m2. A strong linear correlation 
was noted between E as determined using pulmonary 
arterial end-systolic pressure and peak pulmonary ar- 
terial systolic pressure (r = 0.93). However, as expected, 
there was a significant difference between the volume 
intercepts calculated from either peak or end-systolic’ 
pressure (p <0.025), Nu 
Dobutamine infusion: End-systolic pressure-vol- 
ume relation were plotted for two patients who received — 
dobutamine (Fig. 3). During dobutamine infusion, - 
end-systolic volume index decreased without an asso- 
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“FIGURE 2. Relation of t right ventricular ejection fraction (RVEF). to right ventricular prelóhd. as ; measured by right ventricular ndd 


2 index (RVEDVI) (panel A) and mean right atrial pressure (RAP) (panel B). Note the inverse relation between right ventricular eject r 
D 2 both indexes of preload. — | | | 
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Right Ventricular Pressure-Volume Data in Seven Patients Receiving Nitroprusside, Expressed for Both End-Systlie a and 
Peak Systolic Pressure 









HR MAP RVESVI EPASP | | P/V PPASP 
Case C-N C-N (C-N) (C-N) 


10 88-94 ^ 102-85 70-61 26-22 
11 84-90 118-98 64-56 
12 76-83 107-91 48-44 
.13 73-75  . 107-95 72-57 . 
14 70-65 103-88 70-55 
15 80-82 125-108 55-37 
16 92-88 114-96 76-45 
Mean 80-82 111.94 65-51 
+SD 8-10 10-9 
p NS <0.0 001 <0.01 


ooo C = contro; E = slope of the systolic pressure-volume relation (mm Hg/ml per m?); EPASP. = "pulmonary arterial end-aysioll 
Hg); HR = heart rate (beats/min); MAP = mean arterial pressure (mm Hg); N = nitroprusside; NS = not significant; p = probabilit 
index (mi arterial systolic pressure (mm Hg. P/V= systolic pressure/volume ratio ode. Hg/miy RVESVI = = right ventricular. end-sy 
n px (mim SD = standard deviati on. 12 | 
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icular eje aoe fraction from 45 to 62 
percent respectively, in these two 


jection: fraction (re = 0,28, p = : not sa dicent 
n addition, a poor correlation was noted between 
:'ontrol peak pulmonary systolic pressure/end- 
: ystolic volume index ratio (r = 0.25, p = NS) or pul- 
monary end-systolic pressure/end-systolic volume index 
ratio (r = 0.23, p = NS). This finding indicates the un- 
: suitability of substituting a single right ventricular 
systolic pressure-volume point for the slope E. In con- 
_trast to right ventricular ejection fraction, there were 
- poor correlations between E and peak pulmonary ar- 
terial pressure (r = 0.43, p = NS) and pulmonary vas- 
_cular resistance index (r= = 0.23, p = NS). However, E 
- did correlate well with arterial oxygen tension (r = 0.94, 
ie 001). 
a | Discussion 
|n Right ventricular anatomic and physiologic 
"patterns: The functional anatomy of the right ventricle 
: complex. The right ventricular cavity is relatively 
narrow and is defined by two broad, highly trabeculated 
surfaces. Its surface area is relatively large in relation 
to its volume. The right ventricle ejects blood by a uni- 
form reduction in the surface area of its free wall and by 
a concomitant reduction in the septal to free wall dis- 
- tance.!^ In pathologic states, dilation and hypertrophy 
appear to occur concomitantly.” The patterns of con- 
"traction of the right ventricle involve initial mechanical 
contraction of the sinus or inflow region with concom- 
itant expansion of the outflow tract or conus region.? 
This results in an intraventricular translocation of blood 
D before actual ejection. These anatomic and physiologic 
patterns are quite different from those noted in the 
thicker walled left ventricle, which possesses a more 
uniform wall thickness, a smaller ventricular volume, 
anda substantially smaller chamber to surface volume 
Tatio. | 
: The ahatomic complexity of the right ventricle also 
as made it difficult to define its volumetric charac- 
ristics in human beings?! and hence to evaluate in 
ter detail its pressure-volume relations. The advent 
ionuclide techniques suitable for evaluating the 
de on the basis of time-activity curves rather 
ic modeling represents an‘advance in this 
esent study, radionuclide measures of 
n were combined with independently 
ed rigt ght ventricular stroke volume determined 
siodilütion techniques. By combining these 
ments, y we could doine ventricular volumes 
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irst, in addition: to 


intrinsic contractile influences, right ventricular ejection 


fraction appears to be dependent on the afterload con- 


ditions present. This view is supported by the good in- 
verse correlations noted between right ventricular 


ejection fraction and pulmonary vascular resistance and 
systolic pressures. In contrast, a relatively weak, al- 


though significant, correlation was noted between right 
ventricular ejection fraction and right ventricular 
end-diastolic volume and mean right atrial pressure, 
indicating a lesser dependence on conditions of preload. 
No correlation was noted between right ventricular 
ejection fraction and cardiac index. Right ventricular 
ejection fraction correlated poorly with the actual slope — 
(E) of the systolic pressure-volume relation. On the 
basis of previous data in experimental animals, E can 
be viewed as a more direct index of intrinsic contractility 
of the right as well as the left ventricle.^-^? Thus ques- 
tions are raised concerning the utility of right ventric- 
ular ejection fraction as an independent index of 
chamber contractility. 

These data can be related to other recent observa- 
tions on right ventricular function. Stein et al. noted 
that, in the presence of pulmonary hypertension, even 
with clinical evidence of right ventricular failure, right 
ventricular contractile performance as measured by 
isovolumic pressure indexes remained normal. Wrob- 
lewski et al.,*4 using biplane contrast angiography, also 
noted normal right ventricular performance in patients 
with pulmonary hypertension and mitral stenosis. They 
assessed right ventricular function by using ventricular 
performance curves comparing stroke work versus | 
end-diastolic volume and stroke volume versus end- 
diastolic volume. In a preliminary study, Lewis and 
Christianson,” using a first pass radionuclide probe - 
technique, also noted a strong correlation between right. 
ventricular ejection fraction and mean pulmonary ar- | 
terial pressure. In contrast, Ellis et al.,2° studying pa- 
tients with severe chronic obstructive pulmonary dis- 
ease, and Winzelberg et al.,?” studying patients with 
valve disease, noted weaker correlations between right 
ventricular ejection fraction and pulmonary arterial. 
pressure. However, in the former study, questions can — 
be raised concerning the technique of measuring ejec- 
tion fraction, and in the latter study measurements were — 
not obtained simultaneously and were often separated re 
by many days. os 

End-systolic pressure-volume relations as an | 
index of right ventricular performance: This report 
represents an initial presentation of the application of 
end-systolic pressure-volume relations to the study of | 
right ventricular performance in human beings. Several — 
points should be noted. It appears that the end-systolic — 
pressure-volume relation of the right ventricle can be 
approximated. by: a linear relation. In this Way right — 










a points at the time of cardiac catheterization. 
ossman et al.? had used only two points as in the 
sent study. There is also an excellent correlation 
in E measured employing either peak systolic 
re or end-systolic pressure as derived for the right 


k or end-systolic pressure will influence the 
nation of Vo. 

: riher theoretical support for the use of systolic 

~ pressure-volume relations for describing right ven- 

_ tricular performance was reported by Maugham et al.” 

. M inastudy of both isovolumic and ejecting canine right 

. ventricles examined in an isolated state. They deter- 

- mined that the instantaneous pressure-volume relations 

of the right ventricle can be regarded as linear and that 

the slope of the pressure-volume relation curves changes 

. inan appropriate manner with inotropic intervention. 

_ However, differences in the shape of the pressure-vol- 
". ume loops generated for the ejecting right ventricle as 
. compared with the left were also demonstrated. 
_. Whereas the left ventricular pressure-volume loops are 
... nearly rectangular, the right ventricular loops are more 
triangular in shape. Nevertheless, the demonstration 
of linearity over a wide physiologic range in the exper- 

imental animal suggests the validity of the use of the E 
— $lope for characterization of the right ventricular con- 

_tractile performance despite other limitations. 

_. For the right ventricle, it does not appear as if the 
simple peak or end-systolic pressure-volume ratio is 
equivalent to the slope (E). Analysis of data obtained 
in the seven patients studied with nitroprusside indi- 
cates a lack of meaningful correlation between these two 
variables. Thus, if right ventricular contractility is to 
be expressed in terms of systolic pressure-volume 
relations, then the actual slope E must be determined, 

.. Father than a single pressure-volume point. This study 

. also demonstrates that right ventricular ejection frac- 
tion correlates poorly with end-systolic pressure-volume 
. . ratios. These results can be contrasted directly to those 
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A direct correlation existed betw 
state of the right ventricle (as measur 
the resting value of arterial oxygen tens 
questions concerning the possibility 
pression of right ventricular contractil 
whose right ventricular oxygen demands are increase 
because of increased wall tension. 




















to select a relatively ‘aioe study radicc Al lr 2; a t 
tients had chronic obstructive pulmonary disease and 
most had elevated pulmonary arterial pressure and 
abnormal right ventricular ejection fraction. Indeed, 
only 3 of the 20 patients presented with a normal right 
ventricular ejection fraction. Therefore, these data can 
be applied directly only to the conditions of chronic 
obstructive pulmonary disease, abnormal pulmonar ry 
vascular resistance and abnormal systolic right ven- 
tricular performance. Although it is anticipated that 
these results can be extrapolated to other diseases af- 
fecting the right ventricle, this will require further 
study. Although none of the 20 patients had clinical 
evidence of left ventricular disease, 6 of the 20 demon- 
strated a modest reduction in left ventricular ejection 
fraction despite a normal pulmonary capillary wedge 
pressure. This finding is similar to findings in mitral 
stenosis and atrial septal defect and may represent a 
manifestation of ventricular interaction or clinically 
unrecognized left ventricular disease.?*25 These changes 
were relatively mild, but nevertheless mandate further 
study. = 
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vent iicular c contractions and ventricular Een aidi, atrial fibril 
FOX ; mal atrial tachycardia. 
IDICATIONS: It has been suggested that procainamide be coin: 
‘patients with myasthenia gravis. Hypersensitivity to the drug is an 
ntraindication; in thus connection, cross-sensitivity to procaine and 
js must be borne ir mind. Procainamide should not be adminis- 
swith complete atrioventricular heart block. Procainamide is 
sated in cases of second-degree and third-degree A-V block 
cttical pacemaker is operative. 
NS: General — During administration of the drug, evidence'of 
yocardial responses should be carefully watched forin all — 
e presence of ar abnormal myocardium, procainamide may at 
odu e untoward responses. in atrial fibrillation or flutter, the ventricu- 
y increase suddenly as the atrial rate is slowed. Adequate digitáli- 
duces, but does not abolish, this Canger. If a calle sae 











ce sion iof conduction and ventricular asysto! e or fibrillation. 

ecause patients with severe crganic heart disease and ventricular tachy- 
tdía may also have complete heart block, which is difficult to diagnose 

ese circumstances, this complication should always be kept in mind 
'reating ventricular arrhythmias with procainamide. If the ventricular rate 
tly slowed by procainamide without attainment of regular atrioven- 
duction, the drug should be stopped and the patient reevaluated 
may result under these circumstances. 

ceiving normal dosage. but who have both liver and kidney 
Tiptoms of overcosage (principally ventricular tachycardia and 
tension) may occur due to drug accumulation. 

os fa syndrome resembling lupus erythematosus have been 
connection with maintenance procainamide therapy. The mecha- 
ndrome i is uncertain. Polyarthralgia, arthritis. and pleuritic pain 
ons ymptoms: to a lesser extent, fever, myalgia, skin lesions. pleura: 
pericarditis may occur. Rare cases cf thrombocytopenia or 

josi re hemol ytic anemia have been reported which may be related 

















sets Patients receiving procainamide for extended pericds of 
whort symptoms suggestive of a lupus-like reaction appear, should 
iinuctear antibody titers measured at regular intervals. The drug 

ig be discontinued if there is a rising titer (antinuclear antibody) or clinical 
n sof LE appear. The LE syndrome may be reversible upon discontin- 
the drug. If discontinuation of the drug does not cause remission of 
ot el steroid pegs may be effective. M" ine dn ML in 
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of these. should oce : 
cainamide therapy should be discontinued ¢ pee appropriate treatment should 
be instituted immediately. — 

Hypersensitivity reactions, such as angioneurotic edema and maculopapu- 
lar rash have also occurred, | 

A syndrome resembling lupus erythematosus has been reportec (see 
PRECAUTIONS). 

Hypotension following oral administration is "are. 

Large oral doses of precainamide may sometimes produce anorexia, nau- 
sea, urticaria, and/or pruritus. 

Reactions consisting of fever and chills have also been reported. including 
a case with fever anc chdis plus nausea, vomiting, abcominai pain, acute 
hepatomegaly, and 4 rise in serum glutamic oxaloacetic transaminase follow- 
ing single doses of the drug. Bitter taste, diarrhea, weakness, mental depres- 
sion. giddiness, and psychosis with hallucinations have been reported. The 
possibility of such untoward effects should be borne in mind 

DOSAGE AND ADMINISTRATION: Procar: SR {procainamide hydrachio- . 
ride) tablets are a sustaned-release product iorm. The duration of action of 
procainamide hydrochloride supplied in this sustained-release product form 
allows dosing at interva’s of every six hours instead of the more frequent | 
every-three-hour dosing interval required for standard preparations of oral - 5 
procainamide hydrochloride. The convenient six-hour dosing schedule may -~ 
encourage patient compliance. 

Ventricular tachycardia— Treatment with standard procainamide hydro- 
chloride is recommended until the tachycardia is interrupted or the limit of tol- 
erance is reached. Maintenance may then be continued with Procan SR. 

The suggested dosage is as follows: An intial dose of 1 qof standard pro- 
cainamide hydrochloride followed thereafter by a total daily dose of 50 mg/kg 
of body weight given ai three hour intervals. The suggestec oral dosage for 
premature ventricular contractions is 50 mg/kg of body we:ght daily given in 
divided doses at three-hour intervals. 

The suggested maintenance dosage of Procan SR is 50 mg/kg of body 
weight daily given in divided doses at six-hour intervals. 

Although the dosage for each patient must be determined on an individual 
basis, the following may be used as a guide-for providing t^e total daily dos- 
age: patients weighing less than 55 kg (12015), 0.5 g every six hours; patients 
weighing between 55 and 31 kg (120 and 200 Ib}, 0.75 g every six hours; and 
patients weighing over 91 kg (200 Ib), 1 g every six hours. 

Atrial fibrillation and paroxysmal atrial tachycardia — Treatment with 
standard procainamide hydrochloride is recommended until the arrhythmia is 
interrupted or the ámitof tolerance is reached. Maintenance may then be con 
tinued with Procan SR. l E: 

The suggested dosage is as follows. An initial dose of 1.25 g of standard 
procainamide hydrochloride may be followed in one hour Dy 0.75 g if there 
have been no electrocardiographic changes. Standard procainamide hydro- = | 
chioride may then be given at a dose of 0.5 to 1 g every two hours until inter | 
ruption of the arrhythmia or the tolerance limit is reached. 

The suggested maintenance dosage for Procan SR is 1 g every six hours. 

If procainamide therapy is continued for appreciable periods, electrocar- 
diograms should be made occasionally to determine the need for the drug. 
HOW SUPPLIED: Procan SH 250 mg (grean, film-coatec tablet. P-D 202) is 
available in bottles af 100 (N 0071-0202-24) and in unit-dcse packages of 100 
(10 strips of 10 tablets each) (N 0071-0202-40). Each sustained-release tablet 
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750 mg procainamide hydrochloride. | 
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he Second Issue of the New Annual providing a multidisci 
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What is CARDIOLOGY 1982? CARDIOLOGY: 1982 provides in a concise and readable format and 

l l , , style fundamental and new information essential to understanding the 

e Hs second in an annual series to be published in the current thinking on managing cardiovascular dísease. It coordinates 
PRING each year what's new with well-established data, arming the reader with a per- 

€ A review of the year's newest and most important spective on the field which is simply unavailable elsewhere. its liberal 
developments in cardiology — 665 papers use of illustrations and original tables condenses valuable information: 


SNMP iM into instantly understandable knowledge. ; 
€ A muttidisciplinary approach to clinical and applied um 





research based on an exhaustive search of the year's Reviews of the first edition d 
literature ",.Fecommend...to any reader interested in the literature of cardiology.” 
f : irwin R. Callen, M.D. P 

€ A unique, cohesive summary of the state-of-the-art, JAMA, November, 1981 


written, not edited, by those making outstanding 


developments in the field “It is more than merely a reference book, since it explains what to the 
€ A practical approach to a complicated and fast-moving average physician may be obscure....a treasure house of 1980 


subject designed to be read and used daily publications. It is highly r SCENE UE Reichert, M.D. 


CARDIOLOGY:1982 is NOT New York State Journal ot, 2 


€ A collection of unrelated reviews 











: "This is an excellent book, very well organized and written...should be. 
€ An abstracting service on the shelf of the library, cardiologist, and internis." — E. 
€ A rehash of materials readily available elsewhere Mu oer E Famen Mer, LEON 
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RESTORIL (temazepam) blood levels after consecutive nightly 30- mg doses: 


RESTORIL" (temazepam): Effective at night — ^  wereattained by patients who had taken a 30-mg dose of 


: -J : T PNE flurazepam prior to bedtime. 
little residual — medication Patients receiving benzodiazepines should be cautioned about 


patients awake alert and refreshed possible combined effects with alcohol and other CNS depressar 
Thehalf-life of RESTORIL (temazepam) parallels normal sleep and about operating machinery or driving a vehicle after ingestin; 
time. In contrast, the major active metabolite of flurazepam has a the drug. 


65-hour mean half-life. With RESTORIL therapy, a major portion , : cT. . 
of active material is cleared by early morning—enabling patients to Sleep time and quality signif icantly improved 


! In 21 double-blind studies’ involving 1,221 adult patients (508 of 

ee whom received RESTORIL capsules), RESTORIL therapy oe 

| NUES ARE c : : highly effective from the first night of administration. RESTORIL 
No significant impairment of (temazepam) is indicated for the relief of insomnia associated witl 
daytime activities the complaints of difficulty in falling asleep, frequent nocturnal 
In double-blind, placebo-controlled studies,” no detectable awakenings and/or early morning awakenings from the first nig! 
impairment in cognitive function or motor coordination occurred in REM sleep remained essentially unchanged. Patients reported a 
patients who had taken a 30- mg dose of RESTORIL (temazepam) — significant improvement in the general quality of sleep. 


the night before. In the same studies, poorer performance scores 
"night: 3 hours after a nightly 30-mg dose. *morning;: 12 hours after a 
© 1982. Sandoz, Inc. nightly 30-mg dose. *before the next dose: 24 hours after a nightly 30-mg dose. 
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INDICATIONS: Benzodiazepines may 
amage when administered during preg- 
ncreased risk of congenital malformations 
with the use of diazepam and chlordiaz- 
hg the first trimester of pregnancy has 
'd.in several studies. Also. ingestion of 
ies of benzodiazepine hypnotcs durin 
pregnancy has resulted in neonata 
J;Restoril is contraindicated in preg- 
‘onsider a possibility of pregnancy 
ütuting therapy or whether patient intends to 
regnant. 
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- effects with alcohol and other CNS depressants. 
d d UTIONS: In elderly and/or debilitated 
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: patients, it is recommended that initial dosage be lim- 

ted to-15 mg. The usual precautions are indicated for 

C severelv depressed patients or those in whom there is 

any evidence of latent depression: it should be recog- 

co conized that suicidal tendencies may be present and pro- 

oo £fective measures may be necessary. 

Co o IE Restoril is to be combined with other drugs hav- 

su (mE known hypnotic properties or CNS-depressant 

C effects. due consideration should be given to potential 

"co additive effects. 

c dnformation for Patients: Patients receiving Restoril 
“Should be cautioned about possible combined effects 
-with alcohol and other CNS depressants. Patients 

should be cautioned not w operate machinery or drive 
za motor vehicle. They should be advised of the possi- 
soos Bality of disturbed nocturnal sleep for the first.or sec- 

(c ond night after discontinuing the drug. 

vo Laboratory Tests: The asua! precautions should be 

observed in patients with impaired renal or hepatic 
function. Abnormal liver function tests as well as blood 

c dyserasias have been reported with benzodiazepines. 

Pregnancy: Pregnancy Category X. Sce Contraindica- 
tions. 

“Pediatric Use: Safety and effectiveness in children 
below the age of 18 vearshave not been established. 
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- "were tremor, ataxia, lack of concentration. loss of 

equilibrium, falling and palpitations. And rarely 
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and paradoxical reactions, including excitement, stim- 
culation and hyperactivity, 

L^ Restoril is a controlled substance in Schedule IV. 

: Caution must be exercised in addiction-prone individ- 

“uals or those who mightincrease dosage. 

; “DOSAGE AND ADMINIST RATION: Adults: 30 mg 
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Based on the proceedings of the 2nd Inter- 
national Conference on Nosocomial Infections. 
held August 5 - 8, 1980 in Atlanta, Georgia and 
sponsored by the Center for Disease Control, this 
book provides between two covers the most com- 
prehensive, in-depth study of this international - 
problem published in 10 years. This major 
reference is divided into 11 sections consisting of 
50 chapters written by over 100 internationally 
known experts. 


The book includes: | 
* An update of disease trends since the 1st Inter- 
national Conference held a decade earlier 
e New information on the efficacy of specific 
approaches to infection control 
e Discussions on how to implement effective in- 
fection surveillance and control programs 
e Coverage of the increasing importance of anti- 
microbial resistance of nosocomial pathogens 
e Information on the potential usefulness of 
antimicrobial prophylaxis in selected patient 
groups 
and many other topics. 
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ll Box C-757, Brooklyn, g 
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Please send me... copy(s) of Nosocomial Infections WM 
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i Yorke pays postage and handling. 
ll © Please bill me plus postage and handling 
§ (U.S. and Canadian residents only) 
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Small, Thin, 
Lightweight, 
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BIPOLAR 


Pacemaker 


With Advanced 

Features 

e Handheld Programmer 

e Programmable 10 Volt 
High Output Capacity 

e Automatic Threshold 
Test and Measuring 

e Program Verification 


Pacer & Programmer 
shown actual size. 


Eliminates muscle stimu- 
lation and myopotential 
inhibition. Less sensitive to 
external interference 
providing superior sensing 
characteristics. 
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2acer Parameters 


onfiguration and Modes: 
icing 
onfiguration 
perating Modes 


Bipolar 

Atrial - AAl, AOO 

Ventricular - VVI, 
VOO 


'ogrammable Functions: 

ates 30, 40, 50, 55, 60 
65, 70, 75, 80, 85, 
90, 95, 100, 105, 
110, 115, 120: 125, 
130, 135, 140, 

150 ppm 

0.25, 05. 0.15, 

1.0 mS 

ilse Amplitudes® 2.5, 5.0, 10.0 V 


ilse Widths 


nsitivitiesO Very High -1.3 mV 
High -1./ mV 
LOW -2.3 mV 
Very Low -2.9 mV 


250, 312, 437, emS 
0, 125, 250, 375 mS 


perating Parameters: 
2ginning-of-Life 


»fractory Periods 
ysteresis 


agnet Rate 100 ppm 
»ginning-of-Life 
Jlse Amplitude 5.0 V 


Maximum Rate 

Limit 180 ppm 

Service Life 11 years at 
standard program 


Power Source: 


System Type WG7911 - solid 
state lithium 
iodine cell 

Capacity O 2.5 AH 

Open Circuit 

Voltage 2.8 V 


Physical Characteristics: 


Shape Modified Elliptical 
Size 60 x 51 x 9 mm 
Weight 52 g 

Volume 22 ml 
Encapsulation Hermetically 


sealed titanium 


End-of-Life Indicator 
Primary - 14 step decrease to 85 ppm 


1) Minimum at BOL with 5002 load 
2) To negative 25 mS base width triangular wave 
3) Manufacturer's quoted capacity 





landheld Programmer provides 
otal multiprogramming capability. 





Program Verification: 

Verification that the program code has 
actually been accepted is obtained in 
two ways: 

1. The stimulation pulse interval 
following the program transmission is pro- 
longed by 125 mS. 

The next pulse interval is shortened 

by 125 mS. 

2. The duration of the delayed stimula- 
tion pulse is increased to 1.5 mS. 





Automatic Threshold Test: 


comprehensive threshold measuring 
cility is provided in the OPTIMA-MP. 
'hen the VARIO* function of the pulse 
enerator is selected by the programmer, 
yplication of a test magnet initiates the 
atient threshold check. The pulse 
snerator emits 16 pulses at constant 
nplitude (battery test) followed by 16 
Jlses at steadily decreasing amplitudes 
?reshold test). 


1is facility enables the patient's 
reshold to be determined with great 
>curacy—a vital factor in making the 
»cision to select a low output pulse 
nergy for energy conservation. The 
ARIO” approach to threshold check- 
g offers a rapid and accurate check 
' this important parameter. 


Test 
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Poly-Coaxial 
Bipolar Pacing 
Lead 


N 





Poly-Coaxial's small lead body dia- 
meter (2.0 mm) offers ease of handling 
and insertion. As the name indicates, 
the Poly-Coaxial is a bipolar pacing 
lead consisting of a polyurethane slee\ 
and coaxial wound conductors. The 
polyurethane insulation gives this lead 
toughness, lubricity and abrasion re- 
sistance desirable for implantation. 
Four flexible tines aid in lodging 

the electrode. 





Complete 
Pacing System 


The OPTIMA-MP Bipolar pacer, com- 
bined with the OPTIMA-MP Programme 
and Poly-Coaxial pacing lead, offers 

a complete pacing system to meet you 
specific bipolar clinical needs. 


TELECTRONICS 


Marketing & Sales Offices: 


Telectronics 

101 Inverness Drive East 
Englewood, CO 80112 
(800) 525-7001 Toll Free 
(303) 779-4670 Colorado 


Telectronics 

6299 Airport Road, #406 
Mississauga, Ontario 
Canada L4V 1N3 

(416) 676-9805 


Manufacturing Facility: 
Telectronics 

301 West Vogel Avenue 
Milwaukee, Wisconsin 53207 


anc Telectronics are registered trademarks of Telectrc 
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RIMENTAL STUDIES 


son Avenue, Boston, Massachusetts: a: : 
dis l 2 and the conduction time of: 















The effects of electrical stimulation on local recovery properties of the 5 
canine ventricle were studied. Ventricular excitability was examined by _ 
an analysis of unipolar or bipolar strength-interval curves, and the effective - 
refractory period was derived from the steep portion of the curve. Con- 
duction times of all propagated responses to testing stimuli were recorded. 
When ventricular driving and testing sites were the same, effective re- - 
fractory periods were significantly shorter (probability [p] <0.001), - 
conduction times longer (p 0.001) and anodal dip thresholds lower (p - 
<0.001) than during atrial drive. However, as ventricular driving and p 
testing sites were separated, effective refractory periods increased and - 
conduction times shortened. At interelectrode distances of greater than 
15 mm, both effective refractory periods and conduction times remained — 
constant and similar to those observed during atrial drive. Effective re- _ 
fractory periods measured at the ventricular drive electrode shortened | 
by 8.2 percent (p <0.001) when the driving stimulus was twice threshold | 
and by 15.4 percent (p <0.001) when 10 times threshold. At a distance - 
of 15 mm from the driving sites, the effective refractory period was not 
significantly shortened when testing stimuli of twice threshold intensity 
were used and was reduced by only 8.1 percent (p <0. 002) when stimuli x 
10 times threshold were used. Shortening of the effective refractory period - 
near the ventricular driving site was accentuated by short Coupling in- E 
tervals. When ventricular drive was accomplished using mechanical - 
impulses delivered to the epicardium, effective refractory periods during | 
atrial and ventricular drive were virtually the same, regardless of tha : 
proximity of ventricular driving and testing sites. — E 
Thus, shortening of the effective refractory period. and prok : ged 
conduction in the vicinity of the driving electrode are a function of stimulus * 
intensity, distance from the driving site and time. These local alterations z 
in the recovery properties of the ventricle provide conditions that my be c 
favorable for the induction of reentrant arrhythmias. - ae 








It has long been recognized that electrical stimulation of the myocardium $ 
that results in propagated depolarizations also produces localized elec- - 
trophysiologic disturbances confined to a specific distance from the - 
stimulation site.! Subsequently, these changes were linked to the - 
mechanism by which intense repetitive stimulation reduces the threshold _ 
for ventricular fibrillation.? More recently, the response to aiiud 
induced ventricular extrasystoles has been used to evalu: te vul | 
to ventricular fibrillation in patients with heart disease.)-9 A tho 






technique has proved a useful clinical tool, the role of local rione a 
excitability and conduction that occur as a consequence of the testing 





stimulus itself remains unclear. 










The prone study. was undertaken to coo! the ele ot pire 


The affects of seine inured | 
stimulus and the location of te 






rated extrasystole were lipimicier: 
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he intact dog hi eart. Localized alterations in refracto- 

-.riness and con duction were observed after electrical 

- stimulation of the ventricle that would be expected to 
_ facilitate reentrant arrhythmias. These local alterations 

- were a function of current intensity and time and were 

not observed after depolarizations initiated by me- 
| ‘chanical stimulation of the ventricle. 








Methods 


| Experimental preparation: Experiments were performed 
in 52 mongrel dogs weighing 15 to 22 kg and anesthetized with 
; an initial dose of 30 to 35 mg/kg body weight of sodium pen- 
-: tobarbital and additional bolus injections of 2 mg/kg as needed 
-to maintain deep anesthesia. Ventilation was controlled by 
^a Harvard respirator by way of a cuffed endotracheal tube. 
~The chest was opened through a median sternotomy and the 
<- heart suspended in a pericardial cradle. The sinus node was 
- crushed and the right atrium paced by way of a bipolar elec- 
trode. A 3 mm? silver-silver chloride disk electrode was sewn 
- to the anterior surface of the left ventricle for ventricular drive 
. and for delivering premature ventricular stimuli. Atrial stimuli 
-, were bipolar and ventricular driving stimuli were cathodal or 
- "bipolar; both were 2 ms in duration with current strengths of 
^ twice threshold. A 6 cm? plate electrode placed subcutaneously 
in the right hind limb served as the indifferent electrode for 
unipolar ventricular stimulation. A bipolar electrode con- 
sisting of a central ring (diameter 3 mm) and an outer ring 
- (diameter 15 mm) was sutured to the right ventricular outflow 
- tract for detection of premature ventricular complexes (Fig. 
2 D: 
Driving stimuli (81) were delivered to either the atrial or 
the left ventricular electrode to produce an effective rate of 
150 beats/min. During atrial drive, ventricular responses to 
these stimuli (Ri) were detected at the left ventricular elec- 
< trode, and testing stimuli (S5)—cathodal, anodal or bipolar 
' and 2 ms in duration— were delivered to the same ventricular 
- electrode at varying intervals after R; for the determination 
.. of ventricular strength-interval curve (see later). The Ry was 
- monitored continuously on-a high persistence oscilloscope 
- (Tektronix model 5103N), and a digital marker signaling to 
the computer the onset of depolarization was aligned visually 
- with the steep phase of the R; electrogram. This alignment 
- was adjusted if necessary after each strength-interval curve; 
- during the course of our experiment, this correction rarely 
' amounted to more than +5 ms. 
- “Ventricular refractoriness and conduction: Excitability 
characteristics of the ventricle after basic driven beats or after 
. premature beats were derived from an analysis of unipolar or 
_ bipolar strength-interval curves. These curves were generated 
< at the ventricular disk electrode under complete computer 
~~ control as described previously.7® After the response to S; 
1); a testing stimulus (Ss) was delivered by way of Hew- 
tt-Packard 6140A constant current unit under control of a 
DP lab 8/e computer. The S; pulse, delivered in late diastole, 
as increased in intensity until a premature ventricular 
- complex was evoked. The R-S interval was then decreased 
.-as the strength-interval curve was tracked leftward into the 
^ refractory period. The early portion of the strength-interval 
< curve was inscribed using 2 ms decrements of the R,-S; in- 
— terval; 5 ms decrements were used during the late diastolic 
< curve. After each premature ventricular complex one S, pulse 
was inhibited and four recovery beats were allowed before 
: testing stimulation was resumed. At an average heart rate of 
= 150 beats/min a strength-interval curve composed of 30 to 50 
- points could be generated i inthis fashion every 2to 3 minutes. 
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FIGURE 1. Schematic diagram of driving and testing electrode array 
used in the analysis of electrical and mechanical stimulation on ven- 
tricular recovery properties, See text. 


In a previous study, no significant differences in effective re- 
fractory period were observed when 12 rather than 4 recovery 
beats were allowed after each premature ventricular complex.‘ 
Similarly, no differences in effective refractory period were 
found when testing stimuli were delivered after every 12th 
driven beat. The conduction time was defined as the time 


. elapsed from the delivery of 85 to the moment a propagated 


premature ventricular complex was recognized by the right 
ventricular recording electrode. The algorithm utilized for 
detection of premature ventricular complexes has been de- 
scribed elsewhere. ^9 

In the analysis of strength-interval curves, three specific 
measurements were examined: (1) Effective refractory period 
was defined as the shortest R-S; interval at which a prema- 
ture ventricular complex was evoked using currents of less 
than 1,800 nA. Thus, this interval identified the steep portion 
of the falling I limb of the strength-interval curve. (2) Late di- 
astolic threshold was the threshold current strength required 
during the late, flat portion of the strength -interval curve. (3) 
In the case of anodal strength-interva! curves, the phase 3 dip 
threshold was determined. In esch instance, average data were 
obtained from three consecutive strength-interval curves re- 
corded during a steady state. 

Driving and testing stimuli: Figure 1 illustrates the ar- 
rangement. of driving and testing electrodes. During atrial 
drive, Ry-S2 intervals were recorded at the left ventricular 
electrode to ensure recovery times comparable with those 
found during ventricul lar drive. The effect of. varying the dis- 
| betwee ev ventricular panes and oa stimuli o on 
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| ho ventricular disk electrode described earlier. The re- 
aining electrodes were 2 mm? silver-silver chloride electrodes 
positioned 5, 10, 15, 20 and 25 mm, respectively, from the first 
i lectrode and embedded i in flexible rubber. The electrodes 
2: ed to the left ventricle with the long axis of the gang 
he left anterior descending coronary artery. Ven- 
ving stimuli (Sj) were delivered to each of the six 
les in turn, while the testing stimuli (89) were always 
0 the 3 mm? disk electrode. In most experiments, and 
ified otherwise, ventricular driving and testing 
re cathodal. | 
2 3 dip phenomena in six dogs were examined using 
Jal ventricular drive and anodal testing stimuli. In five 
-additional dogs, the effects of bipolar stimulation and elec- 
per trode size were examined. In these experiments bipolar driving 
and testing stimuli were delivered to the ventricle via a pair 
of either 3 mm? or 0.8 mm? electrodes, each pair separated by 
4mm. 
c << Ventricular depolarization was initiated by mechanical 
Stimulation of the heart as follows. A 15 gauge intracardiac 
guide wire with a 4 mm ball tip attached to one end was in- 
serted into a Teflon® tube with the ball tip just protruding and 
barely touching the myocardium. Using the Teflon tube as a 
_ conduit for the guide wire, the opposite end of the wire was 
"^... attached to a magnetic stylus, which in turn was activated by 
< the computer system by way of an 5-88 stimulator (Fig. 1). At 
-. specified cycle lengths, primary stimulation of the ventricle 
| was accomplished by activating the stylus which delivered a 
-brisk flick of the ball tip against the epicardium causing a 
: depolarization. When mechanical impulses were used in this 
-. fashion for ventricular drive, variable distances between 
- . driving and testing stimuli were achieved by moving the 
: -testing electrode rather than the driving electrode because it 
-was impractical to move the latter. In four dogs, the refractory 
< period of the ventricle was determined using mechanical 
stimulation to initiate testing stimuli (S). In this instance, 
the effective refractory period was derived as the shortest 
interval following R; when a mechanical Ss could initiate a 
propagated premature ventricular complex. 

The effect of varying the intensity of ventricular driving 
stimuli on the effective refractory period was examined in 
four dogs. In these experiments, S; pulses of threshold, twice 
threshold and 10 times threshold intensity were delivered 
either to the same electrode used for the testing stimuli or to 
an electrode 15 mm from the S; electrode. Propranolol was 

administered to three dogs in an intravenous bolus dose of 0.8 








- mg/kg 10 minutes before strength-interval curves were re- 


< corded. Four dogs were given reserpine, 0.3 mg/kg intramus- 
cularly daily for 3 days, and on the day of the study, bilateral 
adrenalectomy and bilateral stellectomy were performed 
immediately before the electrophysiologic studies. 
Changes in cycle length: In eight dogs three driving modes 
were used to examine the effect of changes in cycle length on 
ventricular effective refractory period. In the first instance, 
<: regular atrial drive with a cycle length of 400 ms was compared 
with that when the steady state cycle length was reduced to 
250 ms. In the second circumstance, ventricular effective re- 
fractory periods were measured after short coupling intervals 
(250 ms) introduced every 8th beat during regular atrial drive 
(cycle length 400 ms). Lastly, ventricular effective refractory 
. periods were measured after short coupling intervals (250 ms) 
. during stable atrial bigeminy, when the pause after the pre- 
= mature beat: was fully compensatory and mean cycle length 
|... remained constánt at 400 ms. In order to examine the effect 
of local electrical stimulation on i fective rel 2 
of closely coupled beats, the ef ect of a. reduction i in cycle 
































s length on a effective EE period. was compared - oti | 















during stable atrial and ventricular- 
a constant mean cycle length of 400 ms, the short cy 
of the bigeminal rhythm was reduced progressivel: 
to 350, 300 and 250 ms, each with. fu 
pause. 
Experimental design: After thie’ imp antation of a l 
trodes, atrial pacing at a rate of 150 beats/min was beg 
sequential strength-interval curves were recorded to 
a stable state. During the course of a given exper 
strength-interval curves during atrial pacing (150 be: 
were repeated after every 20 to 25 curves to be ce 
control state remained unchanged. Stability of the prep 
was monitored by examination of the femoral arterial pressi 
and lead II of the scalar electrocardiogram using an Elec- 
tronics for Medicine DR-8 recorder. The right ventricular 
electrogram and the S» artifact were monitored on the high 
persistence oscilloscope. Arterial blood gases were measured 
two to three times during an experiment and arterial partial. 
pressure of oxygen (PO) was maintained above 100 mm Hg : 
with supplemental inspired oxygen. | 
Statistical analyses: Statistical analyses were performed. 
using standard analysis of variance technics.? Data from any 
given animal were treated as "paired" in a nested analysis of 
variance schedule. The significance level of multiple com- 
parisons was examined using Bonferronne bounds for 
prespecified hypothesis and by the Scheffe test for large : 
unexpected differences.!? | 













Results 


Effect of separation of ventricular driving and 
testing site on effective refractory period and 
conduction (Fig. 2): Ventricular effective refractory 
periods and conduction times were measured during 
ventricular pacing when the driving (S) and testing (8 jj 
electrodes were separated by 0, 5, 10, 15, 20 and 25 mm 
When S; and S; were delivered to the same ventric 
electrode (interelectrode distance 0), effective refract 
periods were significantly shorter than during atrial 
drive. However, as the distance between the ventricular 
driving and testing electrode was increased, effective 
refractory periods increased, until at interelectrode 
distances greater than 15 mm, they returned to levels 
similar to those observed during atrial drive. Also, when 
the ventricular driving and testing stimuli were applied 
to the same electrode, conduction times of propagated. 
premature ventricular complexes were significantly 
longer than during atrial drive. Conduction times 
shortened as the interelectrode distance was increased, 
and at 10 mm conduction time was similar to that o 
served during atrial drive. Because the conduction tin 
shown were recorded at the R,—S» interval that def 
the effective refractory period, prolonged conduc 
times were generally associated with shortened effe 
refractory periods. However, at an interelectrode 
tance of 10 mm, conduction times were the same dt 
atrial and ventricular drive, while effective refrac 
periods were still significantly shorter during ventricu 
drive than n during « atrial drive. No vids dii fer enci 
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* FIGURE 2. Ventricular effective refractory periods and conduction times 
_ during atrial drive and during ventricular drive at varying distances be- 
_ tween the driving and testing electrodes. Driving intervals were 400 ms. 
entricular driving and testing stimuli were cathodal. At long distances 
(15 to 25 mm), effective refractory periods and conduction times were 
- similar to those during atrial drive. During ventricular drive, as the driving 
electrode was moved progressively closer to the testing electrode, 
effective refractory periods shortened and conduction times prolonged. 
/alues represent mean values + standard error of the mean in six dogs. 
terisks indicate a significant difference (p <0.005) compared with 
ial drive values. See text. 


Selections and bilateral stellectomy just before 
ectrophysiologic study, shortening of ventricular ef- 
ctive refractory periods was demonstrated at close 
3» electrode distances and was indistinguishable 
from that shown in Figure 2. 

Influence of S; intensity and mode of stimulation 
on local effective refractory period (Table D): Ef- 
ctive refractory periods. were measured in four dogs 
ing S, stimuli that were just threshold, twice thresh- 
d M 10 times threshold RETEN In each instance 
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ae Threshold je 


our ri e sprese ign 








when Si intensity was doubled: and. by 15.3 percent (p 
«0.001) when S, was increased to 10 times threshold. 
At an S,-S» electrode distance of 15 mm the effective 
refractory period, was not significantly shorter when S, 
intensity was doubled and decreased by only 8.1 percent 
(p «0.002) when S, was increased 10-fold. 

When bioplar driving and testing stimuli were ap- 
plied to the same ventricular electrode (two 3 mm? | 
electrodes separated by 4 mm), shortening of the ef- 
fective refractory period was similar to that observed. | 
when cathodal stimuli were used. Thus, when bipolar — 
stimulation was used in five dogs, ventricular effective 
refractory period was 162.2 + 1.8 ms (mean + standard. 
error of the mean) during atrial drive, 161.8 + 1.8 ms - 
during ventricular drive when the driving and testing - 
electrodes were separated by 15 mm, and 132.8 + 1.2 ms 
when the bipolar ventricular drive and test site were the 
same (—18 percent; p «0.001). When small (0.8 mm?) 
bipolar electrodes were used to deliver ventricular 
driving and testing stimuli, similar results were ob- 
served. Thus, when the small bipolar electrodes were- 
used the effective refractory period averaged 174.3 + 
5.4 ms during atrial drive and 136.8 + 4.3 ms when the. 
ventricular drive and test site were the same (—21. 5 
percent; p <0.001). | 

Effects of mechanical stimulation of the ventricle 
(Fig. 3): Alterations in recovery of excitability were 
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«. examined after depolarizations initiated by mechanical 
stimulation of the ventricle. Because it was not possible 
^to stimulate the ventricle mechanically and deliver 
... testing stimuli at the same location, effective refractory 
.. periods were measured at distances of 5, 10, 15, 20 and 
.. 95 mm from the S, electrode. As in the experiments 
. presented in Figure 2, effective refractory periods were 
= similar during atrial and ventricular drive at 81-95 
* - electrode distances greater than 15 mm but as the S;-8» 
» distance decreased during electrical ventricular drive, 
effective refractory periods shortened progressively. 
_ However, when S, was initiated by mechanical stimu- 
_ lation of the ventricle, effective refractory periods 
- during ventricular and atrial drive were indistinguish- 
.. able at all S,-Ss electrode distances. Although the ef- 
-= fective refractory period appeared to increase somewhat 
|. during mechanical drive at shorter S,-Ss electrode 
^. distances, this increase was not statistically significant 
.. and likely was due to different test electrode locations. 
_.. This conclusion is supported by our observation of a 
—.. parallel increase in effective refractory period during 
. atrial drive, when the same testing electrodes were 
used. 
-—— The effects of varying pacing and testing modes on 
ventricular effective refractory periods and conduction 
times are summarized in Table II. When mechanical 
-. impulses for initiating testing stimuli were used, ven- 
-tricular effective refractory periods were similar to those 
derived from electrical testing stimuli regardless of 
whether atrial drive (column 1 versus column 2) or 
ventricular drive (column 4 versus column 5) was em- 
—. ployed. Thus, the manner in which testing stimuli are 
| . generated does not appear to influence the measure- 












TABLE iil 











ment of the effective e periód ; Hov 
ventricular drive was accomplished. using an mechani 
impulse (column 3), effective refractory periods we 
significantly longer (p «0.001) than when electrical 
impulses were employed (columns 4 and 5). Wh 
testing stimuli were mechanical (columns. 2 ani 
conduction times were approximately 30 ms longer than 
when electrical So impulses were used (column 1 versui 
column 2 and 4 versus column 5). | 7 
Effect of cycle length on ventricular: recovery 
properties (Table III): During regular atrial drive, 
when the steady state cycle length was reduced from 400 
to 250 ms, ventricular effective refractory periods 
shortened by 14.8 percent (p «0.001). When short 
coupling intervals (250 ms) were introduced every 8th 
beat during regular atrial drive (cycle length 400 ms), 
the effective refractory period of the premature beat was 
shortened by 4.5 percent (p «0.001). However, during 
stable atrial bigeminy, when the closely coupled. beat 
(R,-R2 250 ms) was followed by a full compensat 
pause (R;-R, 550 ms) and the mean cycle lengt 
mained constant at.400 ms, no significant change of th 
effective refractory period was observed after the pr 
mature beat (—2 percent; p = not significant [NSD. _ 
This constancy of ventricular effective refractory 
periods after closely coupled beats during stable atrial 
bigeminy was utilized as a basis for examining the ef- 
fects of ventricular stimulation (S; and S» at same 
electrode) on local refractoriness of closely coupled 
beats. Thus, ventricular effective refractory periods and 
conduction times were compared during stable at: 
and ventricular bigeminy as the coupling interval wa 
shortened PEORES from 400 ms (no prematuri 
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FIGURE 4. Effect of reduction in cycle length on ventricular effective 
refractory periods and conduction times measured during atrial and 

antricular drive. The basic driving interval was 400 ms. Coupling in- 
tervals of 350, 300 and 250 ms represent the short cycle of stable bi- 
eminy with a full compensatory pause (mean cycle length 400 ms). 
1e ventricular driving and testing sites were the same. Values repre- 
sent mean value + standard error of the mean in 25 dogs. During ven- 
icular drive, effective refractory periods were shorter (p <U. 001) and 
onduction times longer (p <0.001) than during atrial drive at all coupling 
tervals. Effective refractory periods during ventricular drive were 
jnificantly shorter at a coupling interval of 250 ms (*) than at 400 ms 
| <0. "s 





350, 300 and 250 ms (Fig. 4). In each instance, a full 
ompensatory ] pause was maintained so that mean cycle 
th remained constant at 400 ms. Consistent with the 
'esented i in Table III, during atrial bigeminy no 
ige in ventricular effective refractory period was 
d as the coupling interval was reduced from 400 
. However, during ventricular bigeminy, the 
refractory period measured at the driving 





j| he coupling interval was reduced from 400 
entricular effective refractory periods were 
onger (p «0.001)-with atrial drive than 
ir drive at all coupling intervals. In ad- 
t dogs the effective refractory period of 
250 ms) of ventricular bigeminy was 
when the test and drive sites were the 
60.2 4 4.0 ms (p «0.001) when the test 
vere separated by 15 mm. 

Fig. 4) were shorter (p «0.001) 
han during ered aye: at all 
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FIGURE 5. Anodai dip threshold during atrial and ventricular drive, The... 
basic driving interval was 400 ms. Coupling intervals of 350, 300 and . 


250 ms represent the short cycle of stable bigeminy with a foll com- 
pensatory pause (mean cycle length 400 ms). Ventricular driving stimuli - 
were cathodal; testing stimuli were anodal. Ventricular test and drive 
sites were the same. Values represent mean value + standard error 
of the mean in six dogs. Although dip thresholds were lower (p <0.001) 
during ventricular drive than during atrial drive at all coupling intervals, 
no significant change was detected with either drive as the coupling 
interval was shortened. 


examine phase 3 dip phenomena (Fig. 5). At each cou- 

pling interval, dip thresholds were significantly lower 

when the ventricular drive and test sites were the same 
s the dip thresholds during atrial drive. 


Discussion 


Effect of stimulation site on local effective re- 
fractory period: In 1966, Han et al.! found that the 
average ventricular refractory period was shorter at 
points close to the stimulation site than at points farther : 
away. In addition, they reported that the ventricular. 
fibrillation threshold was lower after early premature 
beats than after depolarizations initiated in fully ex- 
citable tissue. This effect was exaggerated “at points 
near the origin of the premature response,” and was 
attributed to greater dispersion of refractoriness mea- 
sured within a 10 to 15 mm radius of the stimulating 
electrode. In the present study, the observation that 
refractory periods are shortened near the stimulating ` 
electrode was confirmed, and the effect was found to — 
decay over the same distance from the stimulating - 
electrode (about 15 mm) as that observed by Han etal. . 
Moreover, in a previous study, we!! found fibrillation. 
threshold to decrease progressively as the S-S% inter- 
electrode distance was decreased from 25 to 0mm. T 
observation that conduction times were longer a 
irre bd the adiri e provides ae 














on that shortening o of the ko 






éctive —— parod at Jes ventricular deus site 
3 observed with bipolar as well as with cathodal drive. 


nterval curves were lower when the ventricular drive 
and test sites were the same provides additional support 
his view. 

udies of human ventricular refractoriness, Guss 
bserved that the ventricular effective refractory 
ter premature atrial beats was longer, at a given 
igth, than that occurring after electrically in- 
premature ventricular beats. In this study, we 
d this to be true only if the ventricular driving and 
m te ting sites were close to one another. However, ven- 
tricular effective refractory periods measured at a dis- 

— tance from the ventricular stimulating electrode were 

essentially the same as those occurring after atrial 

. premature beats, suggesting that local effects of the 

` current applied at the stimulation site—rather than the 

= origin of the impulse in the atrium or ventricle—were 
largely responsible for this difference. 

S. Effect of current intensity and electrode size: 
_ Spear et al.? demonstrated that increasing the current 
. intensity of a pulse or train of pulses increased the 
__ temporal dispersion of refractoriness within an 8 mm 
radial distance of the stimulating electrode and lowered 
__. the ventricular fibrillation threshold. Furthermore, the 
-effective refractory period measured at a given electrode 

`- site tended to shorten as pulse intensity was increased. 
‘In the present study, increases in current intensity 
.... shortened the effective refractory period measured at 
the site of the stimulating electrode (S1), and the mag- 
nitude of this effect, both at the S, electrode and at a site 
15 mm from it, was dependent on the intensity of the 

. driving stimulus itself. 
In contrast to our findings, Toyoshima and Burgess!’ 
recently found that canine effective refractory periods 

. -were 4.7 percent longer when the driving and testing 

electrodes were the same than when the two electrodes 
were separated by 40 to 60 mm. The difference between 
their data and ours may be due in part to differences in 
stimulation technique. The thin wire assembly used by 
|... 'Toyoshima and Burgess required much smaller current 
_ intensities for excitation and thus the local effects of 
^ electrical stimulation would be less and should have 
| . been dissipated within a very short distance of the 
driving site. Although substantial local alterations of 
. recovery properties were found in our study with elec- 
. trode surface areas of only 0.3 nm”, these electrotonic 
. effects still may be due in part to relatively large elec- 
. -trodes and thus were avoided with the much smaller 
|. electrodes employed by Toyoshima and Burgess. In 
addition, the testing stimuli they used to measure ef- 
-fective refractory periods were 1.5 to 2.0 times threshold 
~~ and may have identified the slowly rising portion of the 
-—  strength-interval curve. As Greenspan et al.!^ noted, 
values for effective refractory period determined in this 
ion might be influenced by threshold changes rather 
by refractoriness as such. 
iffect of mechanical stimulation: The observation 
mechanical stimulation of the ventricle, capable 



























stimulating electrode strongly st 
e finding that dip thresholds of anodal strength- - | 
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effective refractory period shorte 
the stimulating electrode is a cor 
trical stimulus itself. In this reg: 
when testing and driving sites w 
or more, ventricular effective refrac 
similar after all modes of stimulatioi 
ventricular mechanical drive or ve 
drive. However, when mechanical ir 
as testing stimuli (S2), conduction tin 3 
beats were consistently about 30 ms longe: han 
electrical S; pulses were used (Table II). This int 
which likely reflects the time between mechanic 
formation and local depolarization of the myocardium, 
agrees closely with the data obtained by Zoll et al.!* 
using an external device to effect cardiac stimulation. 
In their studies a consistent 40 ms interval was observed 
between mechanical displacement of the heart and the 
electrical ventricular response. In our study, mechanical 
stimuli were never observed to evoke a repetitive ven- 
tricular response, although this response occasionally 
occurred when electrical stimulation was used. Zoll et 
al.^ also failed to observe repetitive ventricular re- 
sponses after external mechanical stimulation even “in 
the relative refractory period at energies 10 times 
threshold levels.” 

Influence of heart rate and coupling interval: 
Moore et al.16 showed that a depolarization induced by 
a premature stimulus results in a shortened action po- 
tential duration and effective refractory period: Inan- 
other study of refractory periods after sudden increases 
in frequency," a time-dependent shortening of the re- 
fractory period was demonstrated with approximately 
30 percent of the total shortening occurring within the 
first beat, and a new steady state was established only 
after a few hundred beats. In our study, too, the short- 
ening of the effective refractory period observed after 
single premature atrial beats (coupling interval 250 ms) 
was 30 percent of that found during regular atrial drive 
at the same cycle length. However, if during atrial bi- 
geminy, the diastolic pause preceding the closely cou- 
pled beat was fully compensatory and mean cycle length 
remained constant, no shortening of the effective re- 
fractory period was observed (Table III; Fig. 4). Thus. 
it appears that prolonged effective refractory periode 
induced by the long cycle of a bigeminal rhythm are 
“remembered” during the subsequent short cycle anc 
nullify the effect of the short cycle in reducing effect 
refractory period. D 

The constancy of ventricular effective refractory 
periods during atrial bigeminy, despite a variable cou 
pling interval, provided a convenient reference point 
examining the effect of time dependency of ventricula 
stimulation on local refractoriness. Thus, although ! 
change in effective refractory period was observec 
during atrial bigeminal drive when the coupling interva 
was reduced from 400 to 250 ms, during ventri 
















































itiating a propagated Pee beat, falls to bro- : ort vaar tha 





pd ‘ron shortened. Because 


iw : Whatever may be the mechanism for effective re- 
fractory period shortening near the driving site, it would 
pear that local adrenergic stimulation was not re- 
sponsible, because stellate ablation and adrenalectomy 
dogs receiving reserpine did not influence this phe- 
nomenon. In other studies,!* too, parasympathetic 
blockade with atropine had no effect on ventricular 
effective refractory period measured at or near the 
driving electrode. 

_ Clinical implications: Because published studies 
of ventricular refractoriness generally have examined 
responses £ at or near the driving electrode with stimuli 
E ? to M times threshold, there is reason to believe that 
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mean cyde jen, th pu wall | be 1 FEAE using 
methods that minimize these local effects. | 
Similarly, caution is urged in the interpretation of 
clinical and experimental studies that use provocative 
stimuli to detect vulnerability to ventricular arrhyth- 
mias, especially those that use large electrodes and 
stimuli well above threshold. Not only do the stimula- 
tion techniques used in our study produce localized - 
shortening of the effective refractory period, but also 
conduction times of premature beats propagated during 
early recovery of driven beats are greatly prolonged and 
dip thresholds are lower, thus establishing conditions 
favorable to repetitive reentrant arrhythmias. Because 
the methods used in clinical studies of programmed 
stimulation utilize bipolar electrodes with surface areas - 
that often exceed those used in our study and use 
stimuli of 2 to 5 times threshold, there is reason to be- 
lieve that local electrotonic effects of applied current 
may play a role in initiating provoked ventricular 
tachyarrhythmias. Whether the clinical utility of pro- 
grammed stimulation would be enhanced by the use of 
stimulation techniques that minimize these local elec- 
trotonic effects remains to be shown. | 
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RNST A. RAEDER, MD - h 

-RICHARD L. VERRIER, PhD, FACC dogs. Ventricular fibrillation thresholds, mid d alasrolic i es j 

ae BERNARD LOWN, MD, FACC © ration of the effective refractory period were. determined in the no 
heart after intravenous administration of sulfinpyrazone, 30 mg/kg bod: 
weight. The drug significantly raised the ventricular fibrillation thresh 

by 24 percent and the mid diastolic threshold by 36 percent and prolonc 
the effective refractory period by seven percent. The influence of sulf 
pyrazone during acute myocardial ischemia was evaluated before 
during a 10 minute occlusion of the left anterior descending coronary 
artery and after abrupt release of the occlusion. Although the drug afforded 
significant protection during coronary occlusion, it had no effect on th ne 
ventricular fibrillation threshold after reperfusion. Because potent car- 
diocardiac reflexes are elicited during ischemia, the influence of sulfin- 
pyrazone on the ventricular fibrillation threshold was studied during 
norepinephrine infusion. Sulfinpyrazone attenuated the reduction of the 
ventricular fibrillation threshold during sympathetic humoral stimulation. 
Its effect was additive to beta adrenergic blockade with practolol and 
membrane stabilization with lidocaine. This investigation suggests that 
sulfinpyrazone exerts significant effects on ventricular vulnerability of 
both the normal and the ischemic myocardium. Further studies are needed 
to elucidate its precise mechanism of action. oo 
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ancy acti decreases the Een of the ischóiaic heart: iov ven: 
tricular fibrillation, but little information is available regarding the 
drug’s mechanism of action. The present investigation was undertaker 
(1) to determine the effects of sulfinpyrazone on ventricular electri 
properties in the normal and ischemic heart, and D to elucidate 
mechanism of action. 
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ter (Medtronic 
vith an interelectrode distance of 
and an electrographic recording 
probe, 567) was passed to the 
rof a jugular vein. A Medtronic 
eliver rectangular pulses of 2 ms 
iastolic threshold. Heart rate was 
! beats/min during all determina- 
e generated by a constant current 











mid diastolic threshold and the effective refractory pe- 
riod: Ventricular fibrillation threshold was determined by 
scanning electrical diastole in 5 ms intervals with constant 
urrent cathodal pulses of 5 ms duration. Scanning began at 
1e boundary of the effective refractory period and terminated 
beyond the T wave. The current was increased in 2 mA steps 
until ventricular fibrillation occurred. The lowest stimulus 
strength necessary to elicit ventricular fibrillation defined the 
ventricular fibrillation threshold. Defibrillation was accom- 
plished within 5 seconds by a direct current 200 to 300 watt- 
second (Ws) discharge frem a Lown cardioverter delivered 
through a pair of copper plates previously fastened to the 





thorax =o — 
_ The excitable properties of the heart were determined by 
setting a test stimulus of (.1 mA intensity and 2 ms duration 
in mid diastole and increasing stimulus intensity in 0.1 mA 
steps until a propagated response was evoked. The minimal 
current required to elicit this response defined the diastolic 
threshold. : 
. The refractory period was determined by scanning the R-R 
interval with a test impulse of 2 ms duration and 3, 5 and 7 mA 
intensity. The longest R tostimulus interval that did not result 
in a propagated response marked the refractory period. 
Experimental interventions 
. Sulfinpyrazone administration and effect on ventric- 
ular vulnerability in the normal dog: Sulfinpyrazone 
(Ciba-Geigy) was administered intravenously in a bolus dose 
of 30 mg/kg immediately after the control study. Unless oth- 
erwise indicated, all experimental interventions were assessed 
20 minutes after determination of the control value. The effect 
of sulfinpyrazone on ventricular fibrillation threshold, exci- 
bility and refractory period duration was examined in eight 
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tured together, thereby loosely enclosing the artery and the 
balloon. The inflation tube was exteriorized at the nape of the 
neck and the chest closed. 

Ventricular fibrillation threshold was measured with a 10 
ms pulse to facilitate assessment of thresholds in the limited 
time available. The threshold was determined 2.5 and 6 
minutes after occlusion, which comprises the period of max- 
imal depression of the ventricular fibrillation threshold,!? as 
well as after abrupt release of the occlusion. Two such trials 
were performed: Áfter a control occlusion-reperfusion se- 
quence, 30 mg/kg of sulfinpyrazone was given intravenously; 
a second occlusion-release test was performed 20 minutes after 
administration of the drug. 

Effect of sulfinpyrazone on the ventricular fibrillation 
threshold during norepinephrine infusion and after beta 
adrenergic blockade with practolol: Because enhanced 
adrenergic tone is thought to mediate increased myocardial 
vulnerability during ischemia,!!? we examined the effects 
of sulfinpyrazone on the ventricular fibrillation threshold 
during infusion of norepinephrine, 0.5 ug/kg per min. This 
dose of norepinephrine has been shown to increase vulnera- 
bility to ventricular fibrillation without significantly altering 
blood pressure and heart rate. The threshold was determined 
15 minutes after infusion of norepinephrine and again after 
administration of sulfinpyrazone. In another group of dogs, 
ventricular fibrillation threshold was measured 30 minutes 
after beta adrenergic blockade with 5 mg/kg of practolol in- 
travenously and again 20 minutes after additional adminis- 
tration of sulfinpyrazone. 

Effect of sulfinpyrazone on the ventricular fibrillation 
threshold after membrane stabilization with lidocaine: 
It has been postulated that lidocaine has a membrane-stabi- 
lizing action on the myocardium. In an attempt to characterize 
the mechanism of action of sulfinpyrazone we examined its 
effect on the ventricular fibrillation threshold after lidocaine 
administration (intravenous bolus dose of 2 mg/kg followed 
by an infusion of 70 ug/kg per min). 
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TIME (MINUTES) AFTER SULFINPYRAZONE 


<- FIGURE 1. Time course of the ventricular fibrillation (VF) threshold after 
intravenous administration of 30 mg/kg of sulfinpyrazone in eight normal 
dogs. The drug's peak effect is attained after 100 minutes. Intrinsic heart 
rate and arterial blood pressure are not significantly altered. 


Ct -. Data were evaluated statistically by using Student's t test 
for paired samples and are reported as mean values + stan- 
dard error of the mean. 


Results 


"Normal heart: Sulfinpyrazone resulted in an in- 
-o erease of the ventricular fibrillation threshold from 27.6 
+ 2.9 to 34.3 + 3.8 mA (probability [p] «0.01) and the 
- mid diastolic threshold from 0.42 + 0.04 to 0.57 + 0.04 
 —;mÀ (p «0.002). The effective refractory period was 
prolonged from 121.9 + 3.6 to 129.9 + 3.6 ms (p <0.01) 
- "(Table D. Intrinsic heart rate and blood pressure re- 
mained unaltered (Fig. 1 and 2). 
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FIGURE 3. influence of sulfinpyrazone on ventricular fibrillation. vea 
threshold during a 10 minute occlusion of the left anterior descending - 
coronary artery and after reperfusion in eight dogs. Sulfinpyrazone - 
attenuates the reduction of the ventricular fibrillation threshold caused i 
by occlusion but is ineffective after reperfusion: 


Acutely ischemic heart: In the eight dogs sitdiad; : 
acute coronary occlusion lowered the ventricular fi- 
brillation threshold to a value averaging 50 percent of 
the control value. Pretreatment with sulfinpyrazone 
afforded significant protection against ischemia-en- 
hanced vulnerability but was ineffective in preventing 
the fall of the ventricular fibrillation threshold imme- 
diately after reperfusion (Fig. 3). oe 

Norepinephrine infusion: Adrenergic stimulation ; 
was carried out in six dogs. Control values before the 
start of the infusion were 28.5 + 3.2 mA in the untreated 
dogs and 34.8 + 2.8 mA after pretreatment with sul- 
finpyrazone (p «0.01). During norepinephrine infusion 
the ventricular fibrillation threshold in. sulfinpyra- 
zone-treated dogs was significantly higher than in un- 
treated dogs (24.0 + 3.1 versus 18.0 x: 3.0 mA, p «0.02) 
(Fig. 4). 

Beta adrenergic blockade: In five dogs, intravenous. 
administration of practolol, 5 mg/kg, raised the ven- 
tricular fibrillation threshold from 17.2 + 4.8 to 36.2 + 
4.0 mA (p <0.01). Twenty minutes after sulfinpyrazone 
was given, there was a further elevation of the threshold 
to 40.5 + 5.4 mA (p «0.05 versus practolol) (Fig. 5). - 

Membrane stabilization with lidocaine: Infusion 
of lidocaine in six dogs significantly raised the ventri 
ular fibrillation threshold by 33 percent. Addition of 
sulfinpyrazone elicited a further rise to 74 percent above 
the control value (p «0.01 vs. lidocaine) (Fig. 6). 













Discussion 


Electrophysiologic effects of sulfinpyrazone: Our 
results indicate that sulfinpyrazone exerts sign 
electrophysiologic actions under various experim 



















Control No Sulfin- 
| Drug — pyrozone 
_ FIGURE 4. Effect of sulfinpyrazone on the ventricular fibrillation (VF) 


threshold during norepinephrine infusion (0.5 ug/kg per min) in six 
“hormal dogs. | 


threshold as well as the mid diastolic threshold and 
prolonged the effective refractory period. In the acutely 
ischemic heart, it attenuated the effect of coronary oc- 
clusion on the ventricular fibrillation threshold but had 
‘no effect after reperfusion. A protective influence of the 
drug was also evident during sympathetic humoral 
stimulation with norepinephrine. The antifibrillatory 
effect of sulfinpyrazone was additive to the changes 
elicited by beta adrenergic blockade with practolol or 
cardiac membrane stabilization with lidocaine. 

.. Our results are in agreement with previous reports 
indicating a beneficial effect of sulfinpyrazone on vul- 
nerability to ventricular fibrillation. In a study using 


hold before and after beta adrenergic blockade wi 
lol intravenously. Note the additive effect of the two drugs. - 









npyrazone on ventricular fibrillation (VF) — “intrav 
ic blockade with 5 mg/kg of — i 










isolated canine Purkinje bundles, Iansmith et al.!? 
demonstrated a protective effect of the drug against 
acidosis-induced alterations of the action potential. The 
same investigators!^ found a 2.7-fold increase of the 
fibrillation threshold after 20 mg/kg of sulfinpyrazone 
in dogs after right coronary occlusion. Other work- 
ers^515 have demonstrated a reduced incidence of . 
spontaneous ventricular fibrillation after acute coronary 
occlusion in the presence of sulfinpyrazone. 

Mechanism of sulfinpyrazone's action: The exact 
basis for the electrophysiologic effects of sulfinpyrazone 
is unclear. Several factors may be involved: —— 

l. The drug's beneficial influence could be directly 
related to its inhibition of platelet aggregation. This 
appears unlikely because sulfinpyrazone was found to 
have significant antifibrillatory effects in animal 
preparations that were either platelet-poor? or entirely 
devoid of platelets. | 

2. Under certain pathologic conditions, sulfinpyra- 
zone may have a beneficial, indirect effect on vulnera- 
bility. This is illustrated by the work of Folts and Rowe,3 
who showed in dogs that a fixed, partial stenosis induced 
oscillations in coronary blood flow that were caused by 
cyclical formation and dissolution of platelet plugs. 
Administration of sulfinpyrazone can abolish these flow 
changes? and the attendant alterations in ventricular - 
vulnerability.! Thus, to the extent that such cyclical 
changes in platelet aggregability occur in patients with - 
coronary artery disease, it could be anticipated that 
sulfinpyrazone exerts a salutary influence on ventricular 
vulnerability of the heart. This may particularly be true 
under conditions of enhanced sympathetic discharge, 
which may lead to the formation of microthrombi in the 
coronary circulation resulting in myocardial infarction 
and sudden death. 5:18 
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<3. It is also possible that the electrophysiologic effects 
of sulfinpyrazone are mediated through inhibition of 
prostaglandin synthesis. The fact that prostaglandins, 
such as prostaglandin E; and prostaglandin Iz lack a 
direct effect on cardiac vulnerability!??? would argue 
zainst this explanation. However, this problem invites 
ional comprehensive investigation. 
other potential mechanism is suggested by the 
m of Davenport et al.* that sulfinpyrazone 
s collateral flow during acute coronary occlu- 
e extent of ischemic injury being a factor which 





es to cardiac vulnerability,?! an improvement 


E - in myocardial perfusion can be expected to diminish 


electrical instability. However, this would only apply 
in the setting of myocardial ischemia and provide no 
explanation for the action of sulfinpyrazone on the 
nonischemic myocardium. 

5. There is growing evidence attesting to the major 
role played by sympathetic neural traffic to the heart 
in the genesis of cardiac arrhythmias.! 127? Sympa- 
-thetic inputs to the heart—be they humoral, neural or 
..psychologic—are capable of profoundly lowering the 





exerts an antifibrillatory influen: 









ventricular fibrillation threshold?” and. 
be important factors in ischemia-related : 
It may thus carry important implications 
pyrazone was capable of reducing norep 


Hep: 
hanism of this is 





induced vulnerability. The exact mec 


unclear and requires further investigation. — — 
6. A further possibility would be a direct effect of 
sulfinpyrazone on myocardial excitable properties. The _ 
results of our study seem to suggest that sulfinpyra 
ace which is additive t« 
observation, however, does not necessarily imply that- 
the two agents operate through different electrophysi- - 
ologic mechanisms. "E" — 
We conclude that sulfinpyrazone has a beneficial 
influence on the electrical stability of the heart which 
extends to diverse arrhythmogenic stimuli. Although 
its precise mechanism of action remains to be elucidated 
it appears that the drug acts at a very fundamental level. 
It may have the potential for suppressing cardiac ar- 
rhythmias through other pathogenic processes related 
to platelet function and coronary vasomotor tone. 
















that produced by even high doses of lidocaine. ' 
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. stenotic segment. The effe 
moderate severity is largely unkr 


The purpose of this study was to compare coronary blood flow in the 
presence of multiple fixed coronary arterial stenoses with that in the 
presence of a single stenosis of equivalent length and diameter. The study 
was performed using an in vitro pulse duplicating system. The aortic root 
section consisted of an acrylic mold of the root of the aorta of a calf. The 
coronary system was designed to produce coronary flow with physiologic 
magnitudes and phasic patterns. Aortic and left ventricular pressures as 
well as the reduction in pressure across the coronary test section con- 
taining the stenotic segments were measured with catheter-tip micro- 
manometers. Coronary flow was measured with a cannulating electro- 
magnetic flow transducer. The fluid viscosity was 0.04 poise. Studies were 
performed sequentially with one 2 mm long arterial segment with a ste- 
nosis of 50 percent of luminal diameter, two such stenotic segments and 
three such stenotic segments in series. A single 4 mm long, 50 percent 
diameter stenotic segment and a 6 mm long, 50 percent diameter stenotic 
segment were also studied. The heart rate was 71 beats/min, stroke 
volume 80 ml and aortic pressure 140/75 mm Hg. A single 2 mm tong, 50 - 
percent stenotic segment caused a 6 percent reduction of coronary flow; 


three such stenoses in series caused a 19 percent reduction of coronary 


flow. in contrast, a single 6 mm long, 50 percent diameter stenotic segment 
caused only an 8 percent reduction of coronary flow. The results Suggest 
that in a maximally dilated coronary bed, a greater reduction of coronary 
flow would occur in the presence of multiple short stenoses than in the 
presence of a single stenosis of equivalent length and diameter. 


Clinical evaluation of patients with coronary artery disease requires an 
assessment of the degree of coronary narrowing in order to determine 
the functional significance of the obstruction. An 80 percent reduction 
of the diameter of a coronary artery has been considered significant on 
the basis of studies that demonstrated increased resting pressure gra- 
dients at operation only across a narrowing of at least this magnitude.! 
However, there is no general agreement on the precise degree of nar- 
rowing considered significant.? Although a significant reduction of the . 
lumen of the coronary artery must occur before a pressure decrease de- - 
velops across the stenosis and a reduction of blood flow is detected,?-5 
some investigators$-? consider that even a 50 percent reduction of vessel 
diameter may be considered significant. — po RB T 
Evaluation of the length of the stenotic segment is also important in 
determining the functional significance. Increasing the length of 40 to 


| 60 percent diameter stenotic segments in dogs was shown to have an 


appreciable effect on coronary blood flow.2 These observatio are. 
in the carotid artery of dogs showed that doubling the length of a steno! 
segment only slightly increased the reduction of blood flow. All of these 
studies described the hemodynamic significance of the length 

on coronary flow cf multiple stenoses of 
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rmine whether multiple short stenoses of 50 percent 
uminal diameter have a greater effect on coronary 
)w than does a single stenosis of identical length and 
liameter, and to determine whether multiple short 
stenoses placed in series have a different effect on cor- 
onary flow than does a single stenosis of identical di- 
ameter but with a length equivalent to the sum of the 












j nental preparation: Studies were performed using 
luplicating system that, in addition to simulating the 
ides and phasic patterns of aortic and left ventricular 





.— pressures, simulated the phasic pattern and magnitude of © 


= “coronary flow. The basic components of the pulse duplicating 
-~ system have previously been described in detail? as has the 
-. method for controlling the magnitude and pattern of the 
- simulated cardiac pressures and flows.!9 The aortic root 
consisted of an acrylic mold of the root of the aorta of a calf 
that included the sinuses of Valsalva and the ostia of the left 
and right coronary arteries. The aortic valve used in the study 
- Was a 29 mm tissue anulus diameter stent mounted porcine 
... valve model 242 (Hancock Laboratories, Anaheim, California). 
_ À model 342R, 35 mm tissue anulus diameter Hancock valve 
«was used in the mitral position. The fluid used in the system 
|. was a mixture of glycerin and saline with a viscosity at room 
«| temperature of 0.04 poise. This viscosity is equivalent to that 
of normal blood at 37? C. 
^o Description of the coronary flow system (Fig. 1): The 
-.. mold of the root of the aorta contained the ostia of the left and 
..- tight coronary arteries, which assured that the entrance of the 
coronary arteries was anatomically correct. In this study, the 
-.. right coronary artery was occluded at its origin. The proximal 
-. . portion of the left main coronary artery was attached to a rigid 
15 em tube (Fig. 1). The internal diameter of the tube tapered 
from 7 mm at the coronary ostium to 3 mm at the distal end. 
— At this point a 25 cm long, 3 mm internal diameter tube was 
.. attached. This segment of the coronary artery was the section 
. in which various stenotic segments were placed. À cannulating 
electromagnetic flow transducer with an internal diameter of 
.. 8mm was placed at the proximal end of the test section for the 
' measurement of coronary flow (Biotronex Laboratory, Silver 
Spring, Maryland). 
: A Y connector was attached to the distal end of the coro- 
-nary test section (Fig. 1 ). Both branches of the Y connector 
















CORONARY 
SYSTOLIC 
RESISTOR 


IURE 1. Diagrammatic representation (not to 
f the pulse duplicating system. P4 and P» 
the location of pressure ports used to CLAMPS 
e the pressure reduction across the cor- 
2st section. The inset shows the configu- 
s of the stenotic segment. = 
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of the branches of the coronary ar 


resistor was inserted that elimina 
in that branch. The coronary systolic res 

glycerin-saline-filled chamber throug 
ible 3 cm length of the coronary artery passed. 
glycerin-saline-filled. chamber was transmi 
ventricle through a rigid tube. ur 4 
Two branches of the coronary artery distal to t! 
section were included to allow a proper apportionm 
coronary flow between systole and diastole. The branch tt 
contained the collapsible systolic resistor was totally occluded - 
during systole. A second branch was therefore inserted to 
maintain a physiologic level of coronary flow at that time 
(during systole). Although this is not the type of arrangement 
one would encounter in vivo it allowed appropriate control of 
the magnitude and phasic pattern of coronary flow at the site 
of measurement. As a result of this arrangement, the section | 
proximal to the point of branching had a pattern of coronary 
flow similar to the pattern in vivo. Left coronary flow was 123 
ml/min, of which 25 ml/min (21 percent) occurred during 
systole.!7-!9 Once the resistances in the coronary artery were 
adjusted to simulate normal coronary flow, they were kept 
Us 















=. 


unchanged during the portion of the study in which var 
stenotic segments were inserted. LG 

The stenotic segments were made from short sections of 
an acrylic rod machined to an internal diameter of 1.5 mm. 
(Fig. 1). Thus when inserted into the coronary artery the 
segments produced a 50 percent reduction in arterial diame- 
ter. Three 2 mm long stenotic segments, one 4 mm long. 
stenotic segment and one 6 mm long segment were made. __ 

Pressures were measured at the proximal and distal por- 
tion of the coronary test section with catheter-tip micro- 
manometers (Millar Instruments, Houston, Texas) (Fig. 1). 
The distance between the sites of measurement was kept 
constant at 25 cm, irrespective of whether stenotic segments. 
were inserted or their number. The reported pressure decrease 
across the test section represented the difference between 
electrical means, obtained throughout the cardiac cycle, of 
pressure at the proximal and distal ends of the coronary test 
section. Pressures in the aorta and left ventricle were also 
measured with catheter-tip micromanometers. The electronic 
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erties of these] pressure. sensors were previously re- 
ed.” Aortic flow was measured with a 19 mm diameter 
nnulating electromagnetic flow transducer in conjunction 
ith a model 501 square-wave electromagnetic flowmeter 
(Carolina Medical Electronics, King, North Carolina). The 
w transducer was located distal to the aortic root and was 
perated with a low pass 30 hertz filter. Aortic and coronary 
ows were calibrated with a graduated cylinder and a stop- 
ratch. Zero coronary flow was determined by occluding the 
oronary artery distal to the coronary flow transducer. 
_ Studies were performed in the absence of any stenoses and 
ere repeated with one 2 mm long, 50 percent diameter ste- 
osis, two 2 mm long, 50 percent diameter stenoses and three 
um long, 50 percent diameter stenoses placed in series and 
paced 3 cm apart. A single 4 mm long 50 percent diameter 
enosis and a single 6 mm long 50 percent diameter stenosis 
re also studied. Throughout the entire study, heart rate was 
maintained at 71 beats/min, stroke volume at 80 ml and aortic 
pressure at 140/75 mm Hg. All pressures and flows were re- 
_corded simultaneously on a VR-12 photographic recorder 
(Electronics for Medicine, White Plains, New York), at a 
paper speed of 100 mm/s as well as at lower speeds. 





terial ow; vi AP = = pressure decrease across cor- ss mm a Hg w was Ed. across is het test section with both | 






stenoses in place. With three 2 mm long, 50 percentdi- | 
ameter stenoses placed in series, the mean pressure . 
reduction across all three stenoses was 21.8 mm Hg. 
Coronary flow decreased to 99 ml/min, which repre- - 
sented a 19 percent reduction of flow from control val- j 
ues. In all instances the pressure reduction occurred 
primarily during diastole as expected (Fig. 2). 

With a single 4 mm long, 50 percent diameter ste- 
nosis, a pressure reduction of 15.9 mm Hg developed 
across the test section and coronary flow decreased to 
114.7 ml/min, which represented a 7 percent reduction 
from the control value. With a single 6 mm long, 50 
percent diameter stenosis, a pressure reduction of only 
16.4 mm Hg developed across the stenosis and mean 
coronary flow decreased to 113 ml/min, which repre- 


sented an 8 percent reduction from the control value 
(Table I). 





Discussion 
Single versus multiple 50 percent stenoses: The 
results of this study indicate that multiple short 50 
percent diameter stenoses further reduce flow over that 
observed with a single 50 percent diameter stenosis. A 
single 2 mm, 50 percent diameter stenosis caused only 









lary flow, whereas three 




















1 ste ; in series € | 9 percent reduction of 
In addition, it ap JE 1at multiple short stenoses 
ild to moderate se / have a greater effect on 
nary flow than do stenoses of equivalent length and 


. Three 2 mm long, 50 percent diameter ste- 
eries caused a 19 percent reduction of coronary 
eas a single 6 mm long, 50 percent diameter 
used only an 8 percent reduction of coronary 








sian: role of turbulent exit flow: One pos- 
xplanation of our observation of a greater re- 
ction in pressure and in coronary flow with multiple 
- -short stenoses than with a single stenosis of equivalent 
--- length and diameter may relate to flow conditions at the 
exit of the stenotic segments. The pressure reduction 
." across a stenotic segment is due in part to the effects of 
 nonturbulent flow within the stenotic segment and in 
| part to turbulent exit flow.!? If one assumes that tur- 
bulent flow was not present at the exit of each 50 per- 
_ cent diameter stenosis then on the basis of the Poiseuille 
. equation,”! the pressure reduction across the series of 
— multiple stenoses should be similar to that across the 
single stenosis of equivalent length. Because the mul- 
tiple short stenoses caused a greater pressure reduction 
_ than did the single stenotic segment of equal length and 
_ diameter, we suspect that the turbulent component 
.. contributed to the additional decrease in pressure. 
— C At first glance, on the basis of the Poiseuille equation, 
one might expect that a greater reduction of flow would 
.. have occurred as the. length of the stenotic segment was 
- increased. However, in the physiologic circumstances 
-ofthe coronary circulation, which our system simulated, 
the pressure reduction across the stenotic segment in- 
creased as the length of the stenotic segment increased. 
This minimized the effects of the increased length of the 
< -stenotic segment. It should be kept in mind, in addition, 
<. that many factors in the cardiovascular system limit the 
applicability of the Poiseuille equation.?! 
i Previous studies: Our observations differ somewhat 
5: from those of Vonruden et al.!4 in a study of multiple 
-stenoses in the carotid artery of dogs. In their study, a 
single 15 mm long, 50 percent diameter stenosis caused 
a 15 percent reduction of flow, and the addition of a 
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of coronary flow. This c obse: ation 1 
work of others.!4.22 Vonruden et. al." 
doubling the length of a carotid stenosis in logs cat 
only a slight additional reduction of carotid blood 
Logan?? varied the length of a stenotic segment in 
from 1 to 3 mm and found no significant hemodynan 7 
effect. In contrast, studies by Feldman et al.? in whieh 
stenoses of 40 to 60 percent diameter were produced in- 
the coronary arteries of dogs showed that the length of - 
stenotic segments had a prominent effect on flow.? — . 
Clinical implications: Many experimental models 
have been used to study the hemodynamic effects of 
stenoses both in vivo and in vitro. Most in vitro studies - 
have primarily been based on observations during 
steady flow. The use of a pulsatile flow system such as - 
that described in this study brings the simulation one _ 
step closer to the in vivo condition. The advantages of | 
in vitro models relate to a precise control of hemody- 
namic factors that tend to affect coronary flow such as 
proximal driving pressure and distal resistance. The. 
ability to control such variables permits a direct com- 
parison of various types of stenoses under controlled | 
conditions. However, when extrapolating findings to 
what may occur in patients, one must consider the ef- 
fects of vasomotor tone. In addition, in vitro studies 
reflect the effects of fixed stenoses on blood flow, 
whereas the possible dynamic nature of stenotic lesions. 
may to some extent alter the in vitro assessment. 
In conclusion, observations made in this study. 
suggest that multiple short stenoses of mild severity. 
have a greater effect on coronary flow than does a single 
stenosis of equal diameter and length. Although ex- 
trapolation of these observations to the clinical setting. 
should be exercised with caution, we believe that they 
may be relevant to the assessment of the effect of mul- à 
tiple lesions on myocardial blood flow. AS 
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Both nifedipine and nitroglycerin are used to treat t angina pectoris, 1 
comparative effects of these agents on myocardial blood flow and con 
traction in the setting of flow-limiting coronary stenosis are poorly un 







































derstood. Thus 24 open chest dogs underwent carotid to left anterior 
descending coronary arterial perfusion with coronary flow probe and 
perfusion pressure monitoring. Segment length was measured. with ul : 
trasonic crystals in the subendocardial ischemic and nonischemic zones. - 
Myocardial blood flow was measured with radioactive microsphere: 
Partial coronary occlusion was performed to attain a diastolic perfusion : 
pressure of 40 mm Hg. Twelve dogs received intravenous nifedipine ; 
g/kg per min, and 12 received intravenous nitroglycerin to reduce aort 
pressure by 20 mm Hg. Partial occlusion resulted in a slight but significar 
decrease in segment shortening in the ischemic zone. Neither nitroglyceri 
nor nifedipine affected shortening in the ischemic zone. After occlusior 
blood flow decreased in the subendocardial ischemic zone but was 
changed in the subepicardium. Nifedipine increased subendocardial bic 
flow in the nonischemic zone and decreased it in the ischemic zone bt 
caused no change in subepicardial flow in the ischemic zone. In contras 
nitroglycerin decreased subendocardial and subepicardial blood flow 
both the ischemic and nonischemic zones. In the setting of coron 
stenosis, different classes of vasodilators may have varying effects 
myocardial blood flow, suggesting different sites and mechanisms 
action. In addition, segment function may not always reflect changa 
myocardial blood flow. : 


Although nifedipine is a potentially important new agent for thet 

ment of myocardial ischemia,’ nitroglycerin remains the most wid 
used drug for this purpose. However, there is little comparative i 

mation available on how these two agents affect the relation betwee 
myocardial blood flow and segment shortening distal to a flow-limit 
coronary stenosis. This study was therefore designed to determ 
whether therapeutic doses of intravenous nifedipine and nitro ly 

increase or decrease myocardial blood flow distal to a 
to determine how the combination of effects on prek 
blood flow to the ischemic zone affect myocardial shortening. 


Methods 


Experimental procedure: Twenty-four dogs were anesthe! ize E 
tobarbital and placed on a Harvard respirator. Arterial blood 
tored with partial pressure of oxygen (PO) maintained be 
Hg and hydrogen ion concentration (pH) between 7.36 anc 
was nm into the inr femoral artery and advanced to 

"A tifl cat 

























mmon carotid : artery was ex- 
eds the left anterior de- 





















































ge stee jns dd was inserted into the left 
s artery, tied securely and continuously 
common carotid artery through plastic 
imal internal diameter of 2 mm. Coronary 
re was monitored with a strain gauge (Sta- 
DB) and coronary flow with an electromagnetic 
be with an internal diameter of 2 mm (Micron In- 
nents). The time from ligation of the left anterior de- 
sending artery to establishment of cannula perfusion aver- 
red 50 seconds, and all dozs in which cannulation took more 
than 120 seconds were excluded from further study. 

During cannula perfusion of the left anterior descending 
onary artery, pressures at the tip of the cannula and in the 
ibing were identical. In addition, diastolic perfusion pressure 
the tubing was identical to aortic perfusion pressure at flows 
of up to 100. ) ml/min. The cannula system was also tested in 
tro ow warm blood pumped through the system at rates 
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pe erimental preparation showing the carotid to left anterior 
A D) arterial cannulation system, the electromagnetic flow 
/ a Feke constrictor. -rors that perfusion prosene 
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| taken on ne ischemie ara noe labeled: 





itored i in the prox-. 
ula tip. No pressure : 





s determined by using E 
a 10 aai usion followed by reperfusion. — 
All dogs with less t ercent reactive hyperemia were | 
rejected. as having: either inadequate coronary reserve or ste- - 
nosis in the cannula system. — | 

Placement of ultrasonic crystals: Two pairs of 2 mm. 
ultrasonic crystals were placed in the subendocardium, one - 









pair each in the nonischemic and ischemic zones (Fig. 1). The 


crystals in each pair were between 8 and 15 mm apart. The 
crystals were inserted into the inner third of the myocardium 
through small stab wounds perpendicular to the long axis of 
the left ventricle. The motion of the ultrasonic crystals was 
monitored with an ultrasonic imaging circuit (Schuessler and 
Associates). 

Microsphere technique: Microspheres (diameter 9 u) 
labeled with iodine-125 (1?5]), cerium-141 (i*!Ce), stron- 
tium-85 (*?Sr) or scandium-46 (46Se) (3M Company) were 
used to measure myocardial blood flow. Microspheres were - 
suspended in saline solution with a drop of Tween-80®, agi- 
tatec in an ultrasonic bath for at least 15 minutes and shaken 
in a vortex whirler before injection. The left atrium was in- 
jected with 2 to 3 million microspheres in 8 ml of saline solu- 
tion over 15 to 20 seconds then given a 4 ml flush of micro- 
sphere-free saline solution. Starting before the injection of 
microspheres, blood was withdrawn from a femoral artery at 

1.15 ml/min with a Harvard pump in order to obtain a refer- 
ence blood flow. Blood withdrawal was continued for 1 minute 
after completion of the saline flush. 

Experimental protocol: The preparation was allowed to 
stabilize for at least 15 minutes after cannulation. Partial 
coronary occlusion was performed by obstructing the can- 
nulation tubing with a screw clamp device to a minimal dia- 
stolie perfusion pressure of 40 mm Hg. The preparation was 
allowed to stabilize for 5 minutes and a first set of micro- 
spheres of one isotope was given. The dogs were then ran- 
domized into two groups. In group 1, 12 dogs were given con- 
pem intravenous nifedipine, 3 ug: fkg per min, and in group 

2, 12 dogs were given continuous intravenous nitroglycerin to 
decrease aortic systolic blood pressure by 15 to 20 mm Hg but 
not to less than 90 mm Hg. Fifteen minutes after the infusion 
began, a second set of microspheres of a different isotope was 
given. By giving two sets of microspheres of different energy 
levels the blood flow before and after drug administration was 
determined. 

Tissue preparation: After the second microsphere injec- 
tion, Evans blue dye was injected into the coronary cannula . 
by hand-held syringe with sufficient pressure to stain the — 
myocardium but insufficient to fill the intercoronary collateral — 
vessels. The dog was killed and the position of the crystals - 
noted and then removed. The heart was washed, dried, stuffed 
with gauze and wrapped with industrial strength aluminum 
foil and frozen. The heart was sectioned while still frozen to 
facilitate accurate cutting. A 2 to 3 cm wide transmural ring 
of myocardium was cut with the path of the cut perpendicular 
to the border between blue-stained ischemic tissue and un- p 
stained nonischemic tissue (Fig. 1). A section of myocardium cm 
was taken from the remote nonischemic zone. The ring was _ 
cut at the blue border with care taken to keep all blue-stained - 
tissue on the ischemic side. A 1 cm sample of myocardium was - 
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ng he distance between 
pair of crystals, the straight line € ue i 
mim crystal separation, and the. first Te baer. 
derivative of left ventricular pressure dP/ dt 
. With respect to time (dP/dt) and left) = 
“ventricular pressure (LVP). End-dia- 

'stolic length (EDL) and end-systolic _ 

‘length (ESL) are measured from the 0 
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line to the segment length line, and LVP 

“these lengths are timed from dP/dt _ | | sho. DW 

according to the method of Theroux et EDL.— ESL, | | c EDL — ESE o 

al. Percent shortening (% AL) is cal- —— 96 AL = se x 100 % AL = —x 100 

| culated as shown. Shortening (N96 AL) EDL, EDL 5 7 

and end-diastolic length (NEDL) may | EDL cus MA 

_ then be normalized to the fraction of the | D aen MOL AL coe 

control period as shown. NEDL = Epi. No. Tg Fx 
. The tissue samples were weighed and counted together Results 


; with the blood samples, pure isotope standards and a back- 

- ground tube in a Beckman 8,000 well gamma counter for 10 
minutes each. Myocardial blood flow was then determined by 
the method of Heymann et al.2 A measure of resistance was 


Hemodynamics and coronary flow: Aortic, vee 
and diastolic pressures were not different in the ni- 
fedipine and nitroglycerin treated groups before drug 







_ determined from the ratio of diastolic perfusion pressure to infusion (Table I). Systolic and diastolic pressure : 
coronary blood flow. creased after drug infusion in both groups. The decrease 
Data recording and analysis: Hemodynamic data and in pressure with nifedipine was greater than with ni- 
myocardial shortening were obtained on an Electronics for troglycerin, but the difference between groups wi 
Medicine VR-16 recorder. Myocardial shortening and end- significant only for diastolic pressure (p. «0.01). He 


- diastolic length were calculated by the method of Theroux et 4 
- al? and then normalized to the control period (Fig. 2). All data ind paler sod aa ped: ʻi dee ef di 
are expressed as mean + standard deviation. Differencesfor — The diff bet ti T1 
| any variable between subgroups of the two groups described — e oup. the ] ie etween groups sin 
- earlier were analyzed by a two way analysis of variance, ran- —— eft ventricular end-diastolic pressur e 
ed block design.* Differences between the two groups - tically significant. The r rate-pressu 
ay variable were analyz iby a one way analysis of vari- — Hg-beats/min) decr eased similarly 
3. a : of each. drug, derenging, wA 2, 400. 
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aide measurements in the cannulation 
ystem reflecting flow and perfusion pressure in the 
ubserved vasculature (Table II) demonstrated no dif- 
erence in pressure between the aorta and cannulation 
m before coronary occlusion. Partial occlusion 
le | perfusion pressure to a minimal diastolic level 
f 40 mm. Hg. Coronary flow decreased slightly but 
ignificantly i in both groups. After drug infusion, dia- 
tolic and systolic perfusion pressures decreased in both 
roups. Coronary flow measured with the electromag- 
tic flow probe also decreased in both groups after drug 














me 


afusion, Resistance in the perfused bed decreased 
ignificantly i in both groups after partial occlusion, but 
eithei r nifedipine nor nitroglycerin significantly 
hanged the total resistance in the perfused bed. 

- Regional myocardial blood flow (Table III, Fig. 
and 4): Before drug infusion, subendocardial blood 
in the ischemic zone was less than both subepi- 
| flow and less than subendocardial flow in the 
emic zone in both ded treatment groups (p 
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nonischemic Zone, nifedipine caused a significant in- 
crease in flow in the subepicardium (p <0.01) but only. . 
a slight and insignificant increase in the subendocar- _ 
dium. After administration of nifedipine, the large 
gradient between ischemic subendocardial and ischemic 
subepicardial flow was increased. In addition, both 
subendocardial and subepicardial ischemic zone flows 
were less than corresponding nonischemic zone flows 
(p <0.01). 

Nitroglycerin infusion for 15 minutes caused flow to 
decrease in both the ischemic and nonischemic suben- 
docardial and subepicardial zones. After nitroglycerin, . 
ischemic subendocardial flow was less than both. 
ischemic subepicardial flow and nonischemic suben- 
docardial flow (p «0.01). However, in contrast to find- 
ings in the nifedipine-treated dogs, subepicardial flow 
in the ischemic and nonischemic zones did not differ 
significantly after administration of nitroglycerin. 

Myocardial segment shortening and end-dia- 
stolic length (Table IV): Partial occlusion increased - 
end-diastolic length minimally in the ischemic zone of - 
the nifedipine group only. Partial coronary occlusion - 
decreased ischemic zone segment. shortening slightly but — 
significantly and to a similar extent in both the nifedi- 


pine- and nitroglycerin-treated groups. Nonischemic 


zone segment. shortening was not affected by partial 


occlusion. - 


Nifedipine did not. affect ai segment shortening i inthe |. 
ischemic : zeli, but increased i it sh enisi in the nonisch- : 
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FIGURE 3. Influence of nifedipine on myocardial blood flow after cor- 
_ onary stenosis. Regional myocardial blood flow measured with mi- 
_ crospheres is displayed before (left) and after (right) intravenous ad- 
ministration of nifedipine. Nifedipine increased flow to the nonischemic 
: subepicardium (Epi) but did not affect nonischemic subendocardial 
_ (Endo) flow. In contrast, nifedipine decreased blood flow to the ischemic 
_subendocardium blood flow but did not affect flow to the ischemic 
. subepicardium. 


emk zone (p <0.01). Nitroglycerin did not affect seg- 
ment shortening in either the ischemic or the nonisch- 
emic zone. Nitroglycerin but not nifedipine decreased 
end-diastolic length slightly in both the ischemic and' 
the nonischemic zones (p «0.05). 


Discussion 
Myocardial blood flow: This study casts new light 


on the nature of the coronary circulation and the in- 


fluence of vasodilators. We have shown that mildly to 
- moderately hypotensive doses of nifedipine and nitro- 
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FIGURE 4. Influence of nitroglycerin on myocardial blood flow. after : 
coronary stenosis. Regional myocardial blood flow measured with | 
microspheres is displayed before (left) and after (right) intravenous _ 
administration of nitroglycerin. Nitroglycerin resulted in a decrease in 
myocardial blood flow to the subendocardium and subepicardium in both 
the nonischemic and ischemic zones. Abbreviations as in Figure 3. Y: 


glycerin have both similarities and some différence. 
Both nifedipine and nitroglycerin decreased systemic. 
blood pressure as well as perfusion pressure distal to the 
fixed coronary stenosis. In addition, both agents re- 
duced myocardial oxygen demand to a similar degree 
as measured by rate-pressure product. Despite these. 
relatively similar effects on systemic and perfusion. 
pressures these two agents had strikingly different ef- 
fects on myocardial blood flow. Nifedipine increased. 
flow to the nonischemic zone, although this was signif- 
icant only in the subepicardium. It decreased flow in the 
ischemic zone of the subendocardium but had no effect, 
on this zone in the subepicardium. In contrast, nitro- 
glycerin decreased myocardial blood flow to the su- 
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one. remained less: 
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idminist ration of both nitroglycerin and nifedipine. 
Subepicardial flow in the ischemic zone was similar to 


ubepicardial flow in the nonischemic zone both before 


ind after nitroglycerin and before nifedipine. Nifedi- 
»ine increased subepicardial flow greatly in the non- 
schemic zone so that, after nifedipine, subepicardial 
low in the ischemic zone was much less than that in the 
ionischemic zone. 

The effects of nifedipine and nitroglycerin on myo- 
ardial blood flow can be interpreted in light of what we 
mow about the coronary circulation, the nature of 
oronary vascular reserve and myocardial oxygen de- 
nand. Our group? as well as others? have previously 
hown that coronary reserve is exhausted in the sub- 
ndocardium before it is exhausted in the subepicar- 
lium. At a minimal diastolic perfusion pressure of 55 
nm Hg there is reserve in both the subendocardium and 
he subepicardium. At 40 mm Hg, diastolic perfusion 
ressure reserve is present in the subepicardium but 
xhausted i in the subendocardium, and at 25 mm Hg 
eserve is exhausted across the myocardial wall. The 
esults seen with nifedipirie can be explained in relation 
0 these concepts. It can be postulated that, after infu- 
ion of nifedipine, subendocardial flow in the ischemic 
one decreased as diastolic perfusion pressure decreased 
rom 40 to 31 mm Hg because subendocardial reserve 
vas exhausted. However, subepicardial flow in the 
schemic zone was unchanged, presumably because re- 
erve was present to maintain flow unchanged despite 

significant reduction in perfusion pressure. Blood flow 

othe nonischemic zone increased despite a decrease in 
ystemic pressure, and coronary vascular reserve would 
ie expected in this pressure range. Using the xenon 
echnique in patients with coronary artery disease, Li- 
hten et al? also noted that nifedipine increased global 
lood flow to the left ventricle. 

The results with nitroglycerin must be explained 
ifferently. Whereas the reduction in blood pressure 
vas smaller with nitroglycerin than with nifedipine 
although only diastolic pressure was significantly dif- 
erent), blood flow actually decreased in the nonisch- 
mic zone. In addition, a systemic blood pressure of 
01/76 mm Hg after nitroglycerin infusion would not 
xhaust coronary reserve in the absence of coronary 
tenosis.5-5 Thus we cannot explain the reduction in 
iyocardial blood flow in the nonischemic zone after 
dtroglycerin as a result of systemic hypotension. 
lowever, by decreasing afterload, nitroglycerin reduced 
ayocardial oxygen demand and thus blood flow in the 
onischemic zone decreased by autoregulation. This is 
onsistent with findings by Gerry et al.!° that nitro- 
lycerin can reduce oxygen demand and reduce blood 
low in the nonischemic zone and distal to a flow-lim- 
ing stenosis. Similarly, and in contrast to their data 
“ith nifedipine, Lichten et al.? noted that nitroglycerin 











aduced global myocardial blood flow. Nitroglycerin has. 
een noted to induce relaxation of in vitro coronary 
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creased by autoregulation | in vm setis a decreasing 
oxygen demand. This finding i is also suggested by our - 
data because the decrease in blood flow in the ischemic 
subepicardium is not significantly different from the 
decrease in flow to the nonischemic zone. Subendocar- 
dial reserve in the ischemic zone would be exhausted at 
40 mm Hg before nitroglycerin infusion as noted, and 
it is consistent that flow in the ischemic subendocar- 
dium was less than flow in the nonischemic zone before 
drug infusion. Thus the reduction in ischemic suben- 
docardial flow after nitroglycerin infusion was most 
probably due to the reduction in perfusion pressure, and 
not to decreased oxygen demand. Thus the effects of 
nitroglycerin and nifedipine on blood flow to the 
ischemic subendocardium were the same, but were 
different in all other zones. 

Because autoregulation was not exhausted in the 
nonischemic zone in the nitroglycerin group, we must 
consider whether a larger dose of nitroglycerin would 
overcome autoregulation and lead to an increase in 
myocardial blood flow. This is a possibility, but it is not 
likely to be of physiologic relevance unless blood pres- 
sure is maintained by a pressor or transfusion. In the 
group treated with nitroglycerin, systolic pressure de- 
creased from 0 to 25 mm Hg and diastolic pressure from 
5 to 35 mm Hg, vet both nonischemic subendocardial 
and subepicardial blood flow decreased in all 12 dogs. 
Thus, this physiologic effect was noted even though the 
actual reduction in systemic pressure induced by ni- 
troglycerin was variable. It is thus likely that a dose of 
nitroglycerin sufficient to increase myocardial blood 
flow would cause significant hypotension. 

The effects of nifedipine and nitroglycerin on the 
coronary circulation are different, although both drugs 
are believed to act by interfering with calcium transport. 
Nifedipine is believed to act by decreasing the number 
of slow calcium channels.!?!? The cell mechanism of 
action must be different to account for the different 
effects observed. Nifedipine appears to dilate the cor- 
onary resistance vessels and to increase flow in the 
nonischemic zone, whereas nitroglycerin does not ap- - 
pear to have a sustained direct effect on the resistance 
vessels, or the direct dilating effect may be masked by 
autoregulation. It has been hypothesized that nitro- - 
glycerin affects the capacitance vessels rather than the 
resistance vessels, ^4 and this effect may be the mech- ` 
anism of decrease i in blood pressure. Thus the sites of — 
action as well as the cell mechanism of action may be 
different. for these agents. | | 
y ial shortening: The end. results of the ef- m 
f both r nitroglycerii aon myocardial - 
shortening ; are simil 5 model of coronary stenosis. 
Partial occlusion caused only a slight reduction in 


























FIGURE 5. Flowchart showing how intravenous (IV) nitroglycerin af- 
fected myocardial shortening distal to a fixed coronary stenosis. Ni- 
troglycerin decreased systemic blood pressure (BP). The flowchart then 
"branches. On the left side, decreased blood pressure led to decreased 
perfusion pressure (PP) and, when the stenosis was critical in the 
subendocardium, myocardial blood flow (MBF) decreased, which would 
adversely affect segment shortening (4 96 AL). On the right side, de- 
creased blood pressure caused decreased afterload and decreased 
myocardial oxygen demand (MVO;), which would preserve shortening 
(196 AL). Nitroglycerin also decreased preload slightly, which would 
also decrease myocardial oxygen demand. Segment shortening at the 
- bottom is the end result of these complex processes. 


.Subendocardial segment shortening in the ischemic zone 
despite a considerable decrease in subendocardial blood 
flow. This finding is consistent with previous data from 
our laboratory? showing that shortening is initially 
maintained as flow decreases, but with further decreases 
in flow shortening rapidly decreases and is abolished at 
a small but finite blood flow level. Neither agent sig- 
nificantly affected ischemic zone shortening despite a 
‘decrease in subendocardial flow with both agents. We 
may hypothesize why shortening did not decrease fur- 
ther with declining blood flow. Nitroglycerin (Fig. 5) and 
nifedipine (Fig. 6) decreased systemic blood pressure 
- and thus perfusion pressure distal to the coronary ste- 
- nosis, leading to a significant decrease in myocardial 
blood flow in the ischemic subendocardium. Over this 
range of decrease i in blood flow to the subendocardium 
our group? as well as that of Vatner!? noted a significant 


decrease in myocardial shortening. However, the de- _ 


creased afterload produced by these agents would de- 
.crease myocardial oxygen demand and thus lead to 
preservation of contractile function. Nitroglycerin has 
little direct effect on myocardial contractility,!?16 but 
-the effects of nifedipine are profound. Although ni- 
" fedipine has been shown to have negative inotropic ef- 
-fects on muscle strips in vitro,!? it has been shown to 
preserve both myocardial cell viability and function of 
iemic myocardium in vivo (Fig. 6).19-?! In addition, 
stenosis was milder than in these experiments, 
could have increased blood flow despite 
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shortening distal to a fixed coronary stenosis. Nifedipine pies 
systemic blood pressure. The flowchart then branches. On the left side, _ 
decreased blood pressure led to decreased perfusion pressure and, - 
because the stenosis was critical in the subendocardium, myocardial i 
blood flow decreased and would be expected to adversely affect seg- 
ment shortening. On the right side, decreased blood pressure caused _ 
decreased afterload and lowered myocardial oxygen demand, which z 
would preserve shortening. Nifedipine has direct effects on the myo- 
cardium causing negative inotropy, but may also directly decrease U 
oxygen demand. If the stenosis was not critical; nifedipine would have E 
been expected to increase blood flow. Segment shortening at the 
bottom is the end result of these complex pit Abbraviatjong 
as in Figure 5. | | nu 





action of effects on afterload, blood. flow and direct T 
fects on the muscle. In addition, other factors such as- 
heart rate and catecholamines may also affect. segment 
shortening. In these experiments, left ventricular end- 
diastolic pressure was uniformly low so that little effect. 
could be expected on preload, although nitroglycerin 
decreased end-diastolic length slightly. Decreases 
preload will reduce myocardial tension and oxygen de- 
mand, but also decrease inotropy through the Starling 
effect. Shortening is the end result of several processes. 
and the relation to oxygen supply and blood flow is thus. 
complex. Studies with intracoronary administratio n will 
be helpful in sorting out the importance of the variou : 
physiologic actions of these drugs. Nonetheless, with 
















both agents it remains possible for segment function to 


be preserved in the setting ¢ of decreasing Sübendbcardi 
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The best of aspirin is Ascriptin* 


Indications: For reducing the risk of recurrent transient ischemic 
attacks (TIA’s) or stroke in men who have had transient ischemia of the 
brain due to fibrin platelet emboli. There is inadequate evidence that 
aspirin or buffered aspirin is effective in reducing TIA's in women at the 
recommended dosage. There is no evidence that aspirin or buffered 
aspirin is of benefit in the treatment of completed strokes in men or 
women. 

Precautions: (1) Patients presenting with signs and symptoms of TIA's 
should have a complete medical and neurologic evaluation. Considera- 
tion should be given to other disorders which resemble TIA's. (2) Atten- 
tion should be given to risk factors: it is important to evaluate and treat, 
if appropriate, other diseases associated with TIA's and stroke such as 


hypertension and diabetes. (3) Concurrent administration of absorbable 
antacids at therapeutic doses may increase the clearance of salicylates 
in some individuals. The concurrent administration of nonabsorbable 
antacids may alter the rate of absorption of aspirin, thereby resulting 
in a decreased acetylsalicylic acid/salicylate ratio in plasma. The clinical 
significance on TIA's of these decreases in available aspirin is unknown. 
Dosage: 1300 mg a day, in divided doses of 650 mg twice a day or 325 
mg four times a day. 
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New therapy 
quickly dissolves 
'acute coronary artery 


Pre-streptokinase Post-streptokinase 

A 38-year-old woman in cardiogenic The left circumflex is now widely patent 
shock with acute lateral wall myocar- beyond previous site of obstruction (arrow). 
dial infarction caused by complete left Please see full prescribing information, a summary 





STREPTASE" 


(streptokinase) 


now indicated for acute coronary 
artery thrombosis. 


Streptase? is infused directly into the ` 
involved artery during cardiac catheterization. 


Efficacy demonstrated in 
multicenter studies 

Coronary artery reperfusion was accom- 
plished in 174 of 221 patients (7996) during 
evolving transmural myocardial infarction. 

Randomized, controlled studies are in 
progress to determine the effects of reperfu- 
sion on salvage of myocardial tissue and 
reduction of mortality. 


Side effects: few and readily controlled 
There were no reports of allergic reaction or 
fever. Seven cases of bleeding at the punc- 
ture site and one case of moderate peritoneal 
bleeding were controlled without terminat- 
ing therapy. Severe bleeding was reported in 
only one patient. This patient had a gastric 
ulcer six months prior to treatment. 


Prompt initiation of 
treatment critical 
The greatest benefit is achieved when ther- 
apy is initiated within six hours after the 
onset of symptoms. 


Thrombolytic activity and 
safety record well documented 
Streptase® has been effectively used world- 
wide for nearly a decade. Its record of clini- 
cal success is well matched by its record 
of safety, and both have been extensively 
reported in the medical literature. 


TREPTASE 


(streptokinase) 
A major advance in M.L therapy 





Please see full prescribing information, a summary 
of which appears on the following page. 
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CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION. 
INDICATIONS AND USAGE 
CORONARY ARTERY THROMBOSIS 
Streptase® (streptokinase) has been reported to lyse acute thrombi 
obstructing coronary arteries, associated with evolving transmural 
myocardial infarction. Diagnosis of acute myocardial infarction has 
been confirmed, and the site of coronary thrombosis identified by 
selective coronary angiography. Other studies have demonstrated 
that (a) a thrombus is present in approximately 90% of patients 
evaluated within four hours of onset of symptoms; (b) when com- 
pared to concurrent or historical controls, the majority of patients 
who received intracoronary streptokinase within 6 hours of onset of 
symptoms showed a more immediate recanalization (within a few 
minutes vs hours/days) of the involved vessel. 
IT HAS NOT BEEN ESTABLISHED THAT INTRACORONARY 
ADMINISTRATION OF STREPTOKINASE DURING EVOLVING 
TRANSMURAL MYOCARDIAL INFARCTION RESULTS IN SAL- 
VAGE OF MYOCARDIAL TISSUE, NOR THAT IT REDUCES 
MORTALITY. CONTROLLED STUDIES ADDRESSING THESE 
PARAMETERS ARE IN PROGRESS AND UNTIL COMPLETED, 
THOSE PATIENTS WHO MIGHT BENEFIT FROM THIS THER- 
APY CANNOT BE DEFINED. 
CONTRAINDICATIONS 
Because thrombolytic therapy increases the risk of bleeding, 
Streptase® (streptokinase3 is contraindicated in the following 
situations: 
e active internal bleeding 
e recent (within 2 months) cerebrovascular accident, intracranial 
or intraspinal surgery (see WARNINGS) 
e intracranial neoplasm 
WARNINGS 
Bleeding 
The aim of Streptase® (streptokinase) therapy is the production of 
sufficient amounts of plasmin for the lysis of intravascular deposits of 
fibrin; however, fibrin deposits which provide hemostasis, for exam- 
ple, at sites of needle punctures, are also lysed and bleeding from 
such sites may occur. 
Intramuscular injections and nonessential handling of the patient 
must be avoided during treatment with Streptase® (streptokinase). 
Venipunctures should be performed carefully and as infrequently as 
possible. 
Should an arterial puncture be necessary during intravenous ther- 
apy, upper extremity vessels are preferable. Pressure should be 
applied for at least 30 minutes, a pressure dressing applied and the 
puncture site checked frequently for evidence of bleeding. 
When internal bleeding occurs, it may be more difficult to manage 
than that which occurs with conventional anticoagulant therapy. 
In the following conditions the risks of therapy may be increased 
and should be weighed against the anticipated benefits. 
è Recent (within 10 days) major surgery, obstetrical delivery, 
organ biopsy, previous puncture of noncompressible vessels 
e Recent serious gastrointestinal bleeding (within 10 days) 
e Recent trauma inclucing cardiopulmonary resuscitation 
e Severe, uncontrolled arterial hypertension 
e High likelihood of left heart thrombus, e.g., mitral stenosis with 
atrial fibrillation 
e Subacute bacterial endocarditis 
e Hemostatic defects including those secondary to severe hepatic 
or renal disease 
e Pregnancy 
e Cerebrovascular disease 
e Diabetic hemorrhagic retinopathy 
è Prior severe allergic reaction to streptokinase 
e Septic thrombophlebitis or occluded AV cannula at seriously 
infected site 
e Any other condition in which bleeding constitutes a significant 
hazard or would be particularly difficult to manage because of its 
location. 
Should serious spontaneous bleeding (not controllable by local pres- 
sure) occur, the infusion of Streptase® (streptokinase) should be ter- 
minated immediately and treatment instituted as described under 
ADVERSE REACTIONS. 
Use of Anticoagulants 
Concurrent use of anticoagulants with intravenous administration 
of Streptase? (streptokinase) is not recommended. However, con- 
current use of heparin may be required during intracoronary ad- 
ministration of Streptase® (streptokinase). Clinical studies with 
concurrent use of hepamn and lower Streptase® (streptokinase) dos- 
ages employed during intracoronary administration have demon- 
strated no tendency toward increased bleeding that would not be 
attributable to the procedure or Streptase® (streptokinase) alone. 
Nevertheless, careful monitoring for excessive bleeding is advised. 
Arrhythmias 
Rapid lysis of coronary thrombi has been reported occasionally to 
cause reperfusion atrial or ventricular dysrhythmias requiring imme- 
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studies, caret monitor g for arrhythmia — 
was maintained during and immediately following intracoronary - 
administration of Streptase® (streptokinase). — 
PRECAUTIONS | 
Use in Pregnancy and Children 
Safety and effectiveness of Streptase® (streptokinase) therapy in 
children and during pregnancy have not been established. There- 
fore, treatment of such patients is not recommended. 
Drug Interactions 
The interaction of Streptase* (streptokinase) with other drugs has 
not been studied. Drugs that alter platelet function should not be 
used during therapy. Common examples are: aspirin, indomethacin, 
and phenylbutazone. 
Patient Monitoring 
Before commencing thrombolytic therapy, it is desirable to obtain a 
thrombin time (TT), activated partial thromboplastin time (APTT), 
prothrombin time (PT), hematocrit and platelet count to obtain 
hemostatic status of the patient. 
Intracoronary Artery Infusion 
During studies, laboratory monitoring of hemostatic parameters 
during intracoronary artery infusion showed minimal changes, if 
any. Heparin was continued during therapy or instituted following 
therapy and monitored accordingly. 
ADVERSE REACTIONS 
The following adverse reactions have been frequently associated with 
intravenous therapy but may also occur with intracoronary artery 
infusion: 
Bleeding 
Minor bleeding occurs often with thrombolytic therapy mainly at 
invaded or disturbed sites. When lytic therapy is continued while 
local measures are used to control minor bleeding, do not reduce 
the dose as this will increase lytic activity since more plasminogen 
will be available for conversion to plasmin. Severe internal bleeding 
involving gastrointestinal, genitourinary, retroperitoneal or intrace- 
rebral sites, may occur. Several fatalities due to cerebral and other 
serious internal hemorrhage have occurred during intravenous 
thrombolytic therapy. 
Should uncontrollable bleeding occur, Streptase® (streptokinase) 
infusion should be discontinued and, if necessary, blood loss and 
reversal of the bleeding tendency can be effectively managed with 
whole blood (fresh blood preferable), packed red blood cells and 
cryoprecipitate or fresh frozen plasma. Although the use of amino- 
caproic acid (ACA, AMICAR®) in humans as an antidote for strep- 
tokinase has not been documented, it may be considered in an 
emergency situation. 
Allergic Reactions 
Reactions attributed to possible anaphylaxis have been observed 
rarely in patients treated with Streptase® (streptokinase) intrave- 
nously. These ranged in severity from minor breathing difficulty to 
bronchospasm, periorbital swelling or angioneurotic edema. Other 
milder allergic effects such as urticaria, itching, flushing, nausea, 
headache and musculoskeletal pain have also been observed. 
Mild or moderate reactions may be managed with concomitant 
antihistamine and/or corticosteroid therapy. Severe allergic reac- 
tions require immediate discontinuation of Streptase® (streptoki- 
nase), with adrenergics, antihistamines, or corticosteroids adminis- 
tered intravenously as required. 
Fever 
Although Streptase® (streptokinase) is nonpyrogenic in standard 
animal tests, approximately one-third of patients treated with 
Streptase® (streptokinase) intravenously have shown increases in 
body temperature of > 1.5°F. Symptomatic treatment is usually suf- 
ficient to alleviate discomfort. The use of acetaminophen rather 
than aspirin is recommended. 
DOSAGE AND ADMINISTRATION 
Lysis of Coronary Artery Thrombi 
During clinical studies, Streptase® (streptokinase) was administered 
selectively into the thrombosed coronary artery via coronary cathe- 
ter placed by the Judkins or Sones Technique. When administered 
within 6 hours of onset of symptoms of acute transmural myocardial 
infarction, at a bolus dose averaging 20,000 IU and a maintenance 
dose averaging 2,000 IU/min for 60 minutes, greater than 75% of 
occlusions were opened in less than 1 hour. 
How Supplied 
Streptase® (streptokinase) is supplied as a lyophilized white powder 
in 6.5 mL vials (in packages of 10) with color-coded labels corre- 
sponding to the amount of purified Streptase® (streptokinase) in 
each vial as follows: 
green — 250,000 IU blue — 750,000 IU 
Store unopened vials at controlled room temperature (15-30°C). 





Distributed by: Hoechst-Roussel > 
Somerville, New Jersey 08876 FIOGChSt 
Manufactured by: Behringwerke AG U.S. License #97 | Q7044-68 
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Because slow-release KCI tablets 
are not for every patient... 


the quick-release 
KCI tablet 


Accuracy of a tablet — yel r PA i Safety of a liquid 
delivers all of the dose NE V su throughout the 
all of the time X aOR: x ^» m Gl tract 


Potassium plus chloride — airs No measuring or 
he preferred salt Le. dua V et! adl diluting needed 


Once- or twice-a-day ur. A Choice of citrus or 
effervescent tablets we fruit-punch flavors 


LYTE/GL 


Each effervescent tablet in solution supplies 25 mEq potassium chioride 


It's everything you need 
in a potassium supplement. 
Mead Dison PHARMACEUTICAL DIVISION 


Double-strength K-Lyte/CI* 50 also available. Each effervescent tablet in solution supplies 50 mEq potassium chloride. 


17721 USA Please see following page for summary of prescribing information. 
d 
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NT yte/CI" 50 (ERN ffrvesonnt tablet in solution supplies 50 mE 
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K-Lyte/Cl® (Each effervescent tablet in solution supplies'25 mEq potassium and 

chloride as supplied by potassium bicarbonate and L-lysine monohydrochloride.) 

` Description: K-Lyte/C! 50 and K-Lyte/CI are oral potassium and chloride supple- 
ments. Each K-Lyte/CI 50 mEq tablet in solution provides 50 mEq of potassium and 
chloride as supplied by 2.24 gm of potassium chloride, 2.0 gm of potassium bicar- 
bonate, and 3.65 gm of L-lysine monohydrochloride with 1.0 gm of citric acid, 
saccharin, natural and artificial flavor and artificial color. Each K-Lyte/CI tablet in 
solution provides 25 mEq of potassium and chloride as supplied by 1.5 gm of potas- 
sium chloride, 0.5 gm of potassium bicarbonate and 0.91 gm of L-lysine monohy- 
drochloride with 0.55 gm of citric acid, saccharin, natural and artificial flavor and 
artificial color. 
Indications and Usage: All K-Lyte® products are used for therapy or prophylaxis 
of potassium deficiency. They are useful when thiazide diuretics, corticosteroids, or 
diarrhea cause excessive potassium loss: and when dietary potassium is low. These 
products may also be useful when potassium therapy is indicated in digitalis intoxi- 
cation. K-Lyte/CI 50 and K-Lyte/C! are recommended in the management of hypo- 
jones accompanied by metabolic alkalosis and hypochloremia, e.g., as induced by 
vomiting. 
Contraindlentions: Potassium supplements are contraindicated in patients with 
hyperkalemia since a further increase in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the follow- 
ing conditions; chronic renal impairment, metabolic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns or adre- 
nal insufficiency. Hypokalemia should not be treated by the concomitant administra- 
tion of potassium salts and a potassium-sparing diuretic (e.g., spironolactone or 
triamterene), since the simultaneous administration of these agents can produce 
severe hyperkalemia. 
Warnings: In patients with impaired mechanisms for excreting potassium, the 
administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but 
may also occur in patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and may be asymptomatic. The use of potassium salts in patients 
with chronic renal disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concentration 
and appropriate dosage adjustment. 

Precautions: Genera! precautions — The diagnosis of potassium depletion is ordi- 
narily made by demonstrating hypokalemia in a patient with a clinical history suggest- 
ing some cause for potassium deoletion. When interpreting the serum potassium 
level, the physician should bear in mind that acute alkalosis per se can produce 
hypokalemia in the absence of a deficit in total potassium, while acute acidosis 

per Se can increase the serum potassium concentration into the normal range even 
in the presence of a reduced total body potassium. Therefore, the treatment of potas- 
sium depletion requires careful attention to acid-base balance and appropriate 
monitoring of serum electrolytes, the ECG, and the clinical status of the patient. 
Information for patients — To minimize the possibility of gastrointestinal irritation 
associated with the oral ingestion of concentrated potassium salt preparations, 
patients should be carefully directed to dissolve each dose completely in the stated 
amount of water. 

Laboratory tests— Frequent clinical evaluation of the patient should include ECG and 
serum potassium determinations. 

Drug interactions — The simultaneous administration of potassium supplements and 
a potassium-sparing diuretic car. produce severe hyperkalemia (see Contraindica- 
tions). Potassium supplements should be used cautiously in patients who are using 
salt substitutes because most of the latter contain substantial amounts of potassium. 
Such concomitant use could result in hyperkalemia. 

Usage in pregnancy — Pregnancy Category C— Animal reproduction studies have 
not been conducted with any of the K-Lyte products. It is also not known whether 
these products can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity. They should be given to a pregnant woman only if 
clearly needed. 

Nursing mothers — Many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from oral potassium 
Supplements, a decision should be made whether to discontinue nursing or discon- 
tinue the drug, wk into account the importance of the drug to the mother. 

Usage in children — Safety and effectiveness in children have not been established. 
Adverse Reactions: The most common adverse reactions to oral potassium supple- 
ments are nausea, vomiting, diarrhea and abdominal discomfort. These side effects 
occur most frequently when the medication is not taken with food or is not diluted 
properly or dissolved completely. 

Hyperkalemia occurs only rarely in patients with normal renal function receiving potas- 
sium supplements orally. Signs and symptoms of hyperkalemia are cardiac arrhyth- 
mias, mental confusion, unexplained anxiety, numbness or tingling in hands, feet or 
lips, shortness of breath or difficult breathing, unusual tiredness or weakness and 
weakness or heaviness of legs (see Contraindications, Warnings and Overdosage). 

Dosage and Administration: Adu/ts— One (1) K-Lyte/CI 50 tablet (50 mEq 
potassium and chloride) completely dissolved in 6 to 8 ounces of cold or ice water, 
1to 2 times daily, depending on the requirements of the patient. One (1) K-Lyte/C! 
tablet (25 mEq potassium and chloride) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending on the requirements of the patient. 
Note: It is suggested that all K-Lyte products be taken with meals and 
sipped slowly over a 5 to 10 minute period. 

How Supplied: K-Lyte/C!® Effervescent Tablets (citrus or fruit punch flavors) are 
available in cartons of 30, 100 and 250. K-Lyte*/CI 50 Effervescent Tablets (citrus or 
n or are available in cartons of 30 and 100. Each tablet is individually 
oil wrapped. ie 
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your drug 
reference? 





If its not 

MODERN DRUG ~ 
ENCYCLOPEDIA, 
you can't be sure. 








MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Executive Editor 
Gertrude Dittus Gonzales, R.Ph., B.S. Pharm., Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


The all new 16th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 


An independent team of pharmacists and physicians has researched and edited 
all the facts on 3,000 prescription drugs. It passes this research on to you in an 
easy to absorb style that's perfectly suited to tne tight schedule of a time pressed 
practitioner. 


é 


Some handbooks just reprint manufacturers’ package inserts. They don’t edit. 
Just print material manufacturer pays to have included. 


Here’s what careful planning does for 

MODERN DRUG ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one 
a-z sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a "strong focus" layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs alphabeti- 
cally by generic name. Each entry covers vital facts about brand 
names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found 
in the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your pa- 
tient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps vou identify the drug when you only know the 
manufacturer's name. 


Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it only if you're convinced that it answers a practi- 
tioner's need for concise, easy to read information on prescription 
drugs. 


Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 AJCH2 


| Please send me a copy of the all-new 16th Edition of MODERN | 
DRUG ENCYCLOPEDIA. If this new edition is the best drug infor- 
| mation reference for practitioners available, | will remit $49.00 | 
plus shipping. Otherwise, | wil) return it within 30 days and 
| owe nothing. | 

O Iam enclosing $49.00 now as full payment. | 
| Publisher pays shipping. Same return guarantee 

O Charge my credit card: O MasterCard O Visa. | 
| Card Meru As c s Eunipe dare 


NAME 
ADDRESS 
CITY« pimai SALES Ze 


New York residents add applicable sales tax. Available outside Western 
Hemisphere at $50.00 per copy. 
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INTRODUCING AVIUS. 
THE SMALLEST. LIGHTEST, MOST ADVANCED DUAL CHAMBER 
PACING SYSTEM AVAILABLE. 
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Model 263- 01 
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d* intermedics inc. 


FREEPORT, TEXAS 





YOUR PATIENTS 
AN FEEL BETTER 
D LIVE A MORE 
TIVE LIFE. 





Because it mimics 
the natural depolar- 
ization sequence 
of the heart, A-V 
sequential pacing is 
superior to standard 
— ventricular pacing 
achieving optimum cardiac output 
nd efficiency. 
A sequential pacing is especially 
ffeCfive for patients with compromised 
yocardial function, mitral or tricuspid 
alve disease, decreased compliance of 
he ventricle and angina pectoris. Many 
batients consequently fee! better and 
an do more, thereby enjoying a more 
active lifestyle. 
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ntermedics has responded to physicians’ 


pacemaker with AVIUS. At 68 grams and 11 mm 
thin, it is the most compact system of its kind 
currently available. 

But AVIUS is no lightweight when it comes to pe 
formance. The pacemakers proven microminiatu 
ized circuitry gives you more opportunity to tailor 
the prescription to the individual needs of each 
patient than any other A-V sequential pacemaker. 
It is multi-programmable in three pacing modes: 

* A-V Sequential Demand Mode (DVI) 

¢ Demand Ventricular Mode (VVI) 

* Asynchronous A-V Sequential Mode (DOO) 

15 pulse rates, 15 pulse widths and / sensitivity 
levels are all programmable with the sophisticated 
yet easy-to-use programmer. 
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Intermedics PolyFlex* leads offer the flexibility anc 
maneuverability physicians demand. Made from 
durable polyurethane, they are smaller and more 
supple than conventional leads. The dual unipolar 





pad concept allows both leads to pass through 
)ne introducer into a single vein. The J-shaped 
i re atrial lead enhances 
ease of placement, 
and the tined lead tip, 
in conjunction with 
the J-shape, provides 
better lead stability. 
Two atrial- J lead 
sizes are available. 





US is a complete pacing system, with EKG 
ansmitter, A-V Mini-Clinic and programmer 
omplementing the leads and pulse generator. All 
f these components are designed to work in a 
ompatible manner, offering the finest technology 
vailable to benefit your patients. By bringing A-V 
equential pacing down in size and up in perfor- 

ance, Intermedics is continuing to help you meet 
our patients’ needs. 

Contact your nearest Intermedics representative 
nd ask for the most up-to-date A-V sequential edu- 








cational materials, including article reprints, video 
tapes and films of actual implants. Or call us toll fre 
at 1-800-231-2330 (in Texas call 1-800-392-3726). 


=> Intermedics lnc. 


P.O. Box 617 
Freeport, TX 7754] 


Our Business is Life." 
c Intermedics. Inc., 1982 





Avius" Model 263-01 


Nominal Parameters and Product Information 
Configuration and Modes 


Pacing Configuration ...........Lsuuuun. Dual unipolar 
Operating Modes ..................... DVI, DOO, WI 
Lead Compatibility ................. Accepts leads with 

5 mm connectors 

Programmable Functions 
Stimulation Rates ...... 30, 40, 50, 60, 66, 69, 72, 76, 80, 
| 85, 90, 96, 103, 111, 120 ppm 
Pulse Widths ........... 0.15, 0.31, 0.46, 0.61, 0.76, 0.92, 
1.07, 1.22, 1.37, 1.53, 1.68, 1.83, 
1.98, 2.14, 2.29 msec 
Negative Sensitivities’ ....... lowest (—2.8), lower (—1.9), 


low (—1.5), normal (—1.2), high 
(—1.0) higher ( —0.8), highest 


(—0.6) mV 
Modes NN ORDEI DVI, DOO, VVI 
Telemetry ................ On (transmission terminates 
automatically after 15 pace 
or sense events) 
Operating Parameters 
Beginning-of-Service Magnetic Rate ............ 90 ppm 
Beginning-of-Service Pulse Amplitude? ............ 48V 
(at leading edge) 
End-of-Service Pulse Amplitude? at 
Indicated Elective Replacement 
POW EE d pow yi ay avery oe T Not less than 3.6 V 
(at leading edge) 
Beginning-of-Service 
... Output Current? ............ 9.6 mA (at leading edge) 
' Positive Sensitivities’ ..............0... +1.5 to +42 mV 
- AN Delay (DOO and DVI modes) ............ 155 msec 
| Mractory Period (InDM ........ 332 msec for rates 30 to 
mode, this period includes a 103 ppm, 290 msec for 
.. 155-millisecond A-V delay) rates 111 and 120 ppm 
-Escape Interval (from a sensed ......... 0.1to 10.0 msec 
... ventricular event to shorter than the 
^. the next atrial programmed stimulus 
- stimulating pulse) interval 
-Protection Against "Noise" .......... Reverts to fixed-rate 
- (EMI above 15 events/ second) pacing at 90 ppm? 
in Demand Modes 
High-Rate (runaway) ........*. *. Rate limited to a maximum 
Protection of 125.7 ppm 
Power Source 
System Type ............usu. Single lithium-iodine cell 
Cell Voltage 22 e bue dore deb tenebre d uta dt 2.8V 
Cel Capacity oc eco na b XAR LER RE . 3.0 AH 


Cell Energy MCI 7.8 WH 











Physical Characteristics 
E PE A E ea E E E Titanium 
oao EET EE ie E Hermetic 
Header ................. Biologically compatible epoxy 
Suture Hole Plug ......... Medical grade silicone rubber 
SCIOW CDS. «oboe oa nace Gace eas Acetal polymer 
Dimensions .........0..000 0 cee eee 6.0 x 4.7 x1.1* cm 
WER ecco tic sand dum EAM ances ose 68 g 
Elective Replacement Indicator ............ A drop of 
| approximately 7 ppm 
from the beginning-of-service 
Power Cell Voltage (Available ......... A decline from 2.8 
via telemetry) to 2.2 volts 


'using a 40 msec haversine (sine?) test pulse, 

*measured when pacing into a 500-ohm load at 72 ppm and a pulse width of 0.61 
msec (atrial and ventricular outputs). 

*if the pulse generator has been programmed to a rate greater than 90 ppm, it will 
pace at the programmed rate. 

“the model 263-01 has a small protrusion on each side of the connector portion 
of the pulse generator. The width of the pulse generator at this point is 1.4 cm. 


AVIUS is a trademark of intermedics, Inc. 
©Intermedics, Ine., February 1982 


A Intermedics Inc.” 


Intermedics, Inc. 

P.O. Box 617 

Freeport, TX 77541 

Toll free: 800/231-2330 
Texas: 800/392-3726 


Our Business is Life.™ 
&Intermedics, Ine., 1982 


INDICATIONS FOR USE: Implantable cardiac pulse generators may be indicated for long-term 
treatrnent of impulse formation or conduction disorders resulting in symptomatic bradyar- 
rhythrnias, tachyarrhythmias, and heart block unresponsive to drug therapy. 

A-V sequential pacing is specifically indicated for treatment of conduction disorders that 
require restoration of both rate ard atrio-ventricular synchrony. A-V sequential pacing may 
also be indicated for patients with extensive myocardial infarction with A-V block and sinus 
bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: There. are no known contraindications to the 
use of pacemakers as a medical method for control of heart rate. Body rejection phenomena, 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and cardiac 
tamponade have been reported. 


PRECAUTIONS: See the “Cautionary Notes” section of the Physicians Manual for the Inter- 
medics cardiac pulse generator to be implanted. Discussion includes Possible Complications, 
Environmental Hazards (electrocautery, diathermy, defibrillation, therapeutic radiation, home 
appliances, and industrial and special environments), and Effects of Drugs. 
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s marked contraction abnormalities, contraction follows conduction? a 
THEE the phase image displays the pattern of intraventricular cc onduction 
r, San ^. We sought to determine the ability of the scintigraphic phase image 
E detect and localize the onset and pattern of abnoringl ventricu lar 


j Address for. Miis Elias H. Botvinick, MD, : 





The ability of scintigraphic phase image analysis i to corms paltara 
of abnormal ventricular activation was investigated. The pattern of phase 
distribution and sequential phase changes over both right and left ve 

tricular regions of interest were evaluated in 16 patients with norma 
electrical activation and wall motion and compared with those in 8 patients 
with an artificial pacemaker and 4 patients with sinus rhythm with the 
Woiff-Parkinson-White syndrome and delta waves. Normally, the site of - 
earliest phase angle was seen at the base of the interventricular septum, 
with sequential change affecting the body of the septum and the cardiac t 
apex and then spreading laterally to involve the body of both ventricles. _ 
The site of earliest phase angle was located at the apex of the right ven- (e 
tricle in seven patients with a right ventricular endocardial pacemaker . 
and on the lateral left ventricular wall in one patient with a left ventricular Uc 
epicardial pacemaker. In each case the site corresponded exactly to the _ 
position of the pacing electrode as seen on posteroanterior and left latera 
chest X-ray films, and sequential phase changes spread from the initia 
focus to affect both ventricles. In each of the patients with the Wolff- 
Parkinson-White syndrome, the site of earliest ventricular phase angle 
was located, and it corresponded exactly to the site of the bypass tract — 
as determined by endocardial mapping. In this way, four bypass pathways, 
two posterior left paraseptal, one left lateral and one right lateral, were — 
correctly localized scintigraphically. On the basis of the sequence of 
mechanical contraction, phase image analysis provides an accurate — 
noninvasive methad of detecting abnormal foci of ventricular activa- "s 
tion. : T: 















Equilibrium multiple gated blood pool scintigraphy is vstäblished à as a 
useful noninvasive method of assessing ventricular size and function." _ 
Various parametric images have been derived from the computer ma- x 
nipulation of this image.*? Among these is the phase image, in which the _ 
first Fourier harmonic is used to fit a cosine curve to the time versus 
radioactivity curve of each pixel location in the blood pool image.9 Th 
cardiac cycle length may be divided into 360? and the phase angle 6 of eac! 
pixel is that the angle at which its cosine curve shows its initial d : 
The phase angle therefore approximates the time of earl : 
in a pixel, which may be interpreted to represent the time of earliest 1 
of counts in a pixel, which may be interpreted to represent the or 
contraction in that region of the cardiac image. By color-coding th 
pool i image for the phase angle, the sequential pattern of onset of 
traction is displayed. 

We’ and others® have previously demonstrated the relation of phi 
variation to both contraction and conduction abnormalities. S 
contraction abnormalities result in a delay in phase. In the absence 

























vation. To this end, phase im; 


with a normal electrocardio: 
graphic wall motion were c V 
tients with an artificial ventricular pe icemaker- depen- 
dent rhythm and 4 patients with sinus rhythm and the 
Wolff Parkinson- White syndrome. | 








Methods 


Study patients: Phase i image analysis was performed in 
ree consecutive series of patients, who clinically required 
equilibrium blood pool scintigraphy for the noninvasive as- 
sessment of ventricular size and function. The first series 
- consisted of 16 patients with a normal 12 lead electrocardio- 
gm and normal ventricular wall motion and function with 
| in our laboratory. The second series comprised eight patients 
who had an artificial ventricular paced rhythm at the time of 
. study. In seven of the patients, the electrocardiogram showed 
a left bundle branch block configuration, and in one patient 
|. 8 right bundle branch block pattern. Among these pace- 
M. maker-dependent patients, blood pool scintigraphy in five 
- with known coronary artery disease revealed several regional 
- wall motion abnormalities, with ejection fractions ranging 
_. from 22 to 55 percent. In this group, the posteroanterior and 
— Jeft lateral chest X-ray films were viewed after phase image 
. -analysis to confirm the position of the pacing electrode. The 
third series comprised patients with the Wolff-Parkinson- 
White syndrome who underwent electrophysiologic testing 
within 48 hours of cardiac i imaging and whose bypass tract was 
ocated by endocardial mapping. These patients had normal 
ventricular wall motion and ejection fraction, and in each case 
the 12 lead electrocardiogram demonstrated ventricular 
: preexcitation with an apparent delta wave. The electrophys- 
— jologic studies were examined independently and interpreted 
_ . without knowledge of other data after phase image analysis 
. - to confirm the position of the bypass tract. 
7 All patients had sinus or paced ventricular rhythm at the 
— time of the study. A 12 lead electrocardiogram was obtained 
_ before imaging but was assessed, without knowledge of other 
|^ data, only after interpretation of the phase image. During the 
_ Study the six standard leads and a modified V; precordial lead 
_ were monitored to assure continuous presence of the con- 
duction abnormality. All studies were obtained at rest. 
| Gated pool scintigraphy: Phase image analysis was per- 
|... formed on equilibrium multiple gated blood pool scintigrams 
*. ; acquired on a Searle (Searle Corporation, Des Plaines, Ill.) Pho 
^ Gamma V scintillation camera using a linear all purpose 20° 
slant hole collimator and processed on a PDP 11/40 mini- 
computer (Digital Equipment Corporation, Maynard, Mass.). 
. Scintigraphy at rest was acquired to 6.0 million counts initially 
-in the 30° right anterior oblique and later in the anterior 
. projection, and in the left anterior oblique projection with the 
best separation of the right and the left ventricle. The 20° 
lant of the collimator was applied to provide the projectional 
ingulation and the camera head adjusted to provide a 15? 
idal tilt. According to the standard methodology, red blood 
ls were labeled in vivo using a 20 millicurie (mCi) intrave- 
nous dose of technetium-99m pertechnetate administered 30 
| inutes after the intravenous injection of 5 mg of unlabeled 
t ar carer age | pana In bai Racer 



































and end-systolic frames with consta: 


. movie and with reference toa display of alternating end-dia- 


stolic and end-systolic. frames. Anterior, apical and inferior 
segments in the left anterior oblique projection were evaluated. 
as normal, hypokinetic (demonstrating reduced motion), 
akinetic (with absence of motion) and dyskinetic (demon- 
strating paradoxical outward expansion during systole). 
Scintigrams were evaluated for regional wall motion according 
to previously established criteria.9:!! This method has previ- 
ously been documented to show an excellent correlation with 
wall motion similarly assessed on selective left ventriculog- 
raphy with 88 percent agreement among cases studied.!! Pa- 
tients studied here had normal wall motion with the exception 
of five of the eight patients with a ventricular pacemaker who 
had coronary disease and demonstrated wide-ranging ab- 
normalities including mild (hypokinesia) and severe (akinesia 
and dyskinesia) abnormalities. Patients with wall motion 
abnormalities were included because of the infrequency with 
which pacemaker-dependent patients present with normal 
regional wall motion. 

Phase image analysis: [n each study, phase image analysis 
was performed using the fundamental Fourier harmonic to 
fit a cosine curve to the volume curve of each pixel through the 
first 25 frames of the blood pool study. To provide the best 
curve fit, frame length was adjusted to equalize the time from 
frame 1 to left ventricular end-systole and from left ventricular 
end-systole to frame 25. 

The phase image was then displayed and analyzed in three 
steps. First, each pixel of the blood pool image, composed of 
the frame data in each projection, was coded in 256 shades of 
gray to demonstrate the phase angle or regional phase delay. 
In this image, pixels that demonstrate simultaneous onset of 
counts reduction or contraction were represented by the same 
gray shade. The fitted volume curve was assessed at each lo- 
cation and pixels were coded black if the curve in that region 
demonstrated ventricular contraction to progress immediately 
after the R wave peak. Increasingly lighter shades were as- 
signed to pixels where the fitted curve demonstrated in- 
creasingly delayed phase angle or delayed onset of contraction. 
Because previous experience has shown that imperfect 
curve-fitting methods may result in ventricular phase angles 
of less than 0°, the gray scale was rotated through —54? (0.37) 
to prevent a black-white interface in the ventricular region 
of interest. Atrial regions, which actually filled when normal 
ventricular contraetion occurred, appeared in light shades at 
approximately 180? phase angle delay. Uncoordinated con- 
traction or random variations as seen in regions of background 
appeared as a salt and pepper distribution of varying gray 
shades. This gray scale-shaded phase image demonstrated the 
sequential pattern of phase variation and was used to assess 
the overall pattern of phase changes. 

Next, a phase histogram of each ventricle was constructed 
using data obtained from a left anterior oblique image. The 
borders of each ventricle were visually located on the com- 
posite phase image guided by the simultaneous observation 
of ventricular contraction available from our dynamic display 
of the blood pool images. Within the designated ventricular 
regions of interest, phase histograms were constructed, re- 
ane phase angle on the abscissa to the number of pela at 



















mam noted: amal aad increments: 
tion was expressed in terms of the phase angle 
in degrees, from 0 to 360°, where 0° characterized 
ni 1 ventricular component and represented a fitted 
lume curve with initial reduction in counts or onset of 
-contraction at the electrocardiographic R wave. A phase angle 
^. of 180° represented a fitted volume curve with onset of con- 
traction in the middle of the R-R interval completely out of 
<- phase with normal ventricular curve and the region it repre- 
sented. 
~~ Sequential left ventricular phase changes were evaluated 
< in the right anterior oblique or anterior projection in anterior, 
< -apical and inferior regions; basal, posterolateral, inferoapical 
,. and septal regions were assessed in the left anterior oblique 
— projection. (Fig. 1). Sequential right ventricular phase changes 
5. were assessed in the left anterior oblique projection in septal, 
. . mferoapical, outflow and basal regions. In all modes of display, 
|. phase changes confined to individual pixels that showed no 
spatial or temporal contiguity to subsequent phase changes 
- Were considered noise, and were not evaluated. 
- o s Blectrophysiologic studies: These studies were performed 
-. using standard techniques.!? In brief, four 6 F quadripolar 
| electrode catheters were introduced into the right femoral or 
_ left median cubital vein. They were positioned in the high 
- right atrium, across the tricuspid valve (to record the His 
< bundle deflection), at the right ventricular apex and in the 
<o coronary sinus (to record left atrial depolarization). Atrial or 
_.. ventricular overdrive or premature stimulation was used to 
= induce sustained supraventricular tachycardia. The site of the 
^ bypass tract was determined from the sequence of atrial ac- 
-© tivation mapped during sustained orthodromic tachycardia. 
A modified Brockenbrough catheter!? replaced the high right 
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( URE 1. Regional phase assessment. Diagrammatic sketch of right 
eft ventricular areas of interest in the “best septal" left anterior 
ue projection of a multiple. gated. blood pool scintigram. Noted are 
entricular regions used fora | 
ial phase variation. 
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electrocardiogram. 

Test. reproducibility: This Was adseased: by an ob 
with no knowledge of other data who measured right ai 
ventricular phase angles and the pattern of ph 3 
in 10 patients who underwent blood pool sci 
occasions, a mean of 8 days apart, Ww 
ejection fraction, wall motion or ven 
and interobserver variability was assess 
and by use of a second observer who evalt 
chosen at random with blood pool sei itigrams 
range of values for ventricular function and eje 
Eight of these patients demonstrated normal: conductio 
blood pool scintigrams demonstrating normal contraction, 
patients had segmental contraction abnormalities and fo: 
had generalized contraction abnormalities. The studies we 
assessed without knowledge of prior data by the same and by | 
a second observer on two occasions, days apart. In each case, | 
mean phase angle and the pattern of phase variation were 
assessed. 

Statistical methods: The phase angle data were analyzed 
nonparametrically because of their nonnormal distribution. 
Intrapatient comparison of left ventricular and right ven- v 
tricular phase angles was performed using the Wilcoxon paired a 
sample test. Phase angle was compared in patients with : nor- 
mal and abnormal electrical activation using the two-tailed 
Mann-Whitney U test. Mean values were compared. and r 
gression analysis performed on paired values resulting f 
serial analysis of reproducibility and intra- and interobserver 
variability. Numerical values are followed by their standar | 
deviations. qr 







































Results 


Phase data in normal patients (Table D: "The 
phase data in all patients are shown in Table I. In the _ 
16 patients with normal conduction and contraction - 
(Fig. 2), the phase image showed a relatively homoge- 
neous ventricular pattern with no regions of gross phase . 
delay, but with significant intrapatient difference in the — 
mean phase angle of the left ventricle (8.5 + 11.8?) and | 
right ventricle (13.6 + 12.99, p = 0.01). The phase his- - 
tograms of each ventricle approximated a Gaussian . 
distribution and were closely aligned with the earliest _ 
phase angle, occurring slightly, but not significantly, | 
earlier in the right than in the left ventricle. The mean | 
difference between the onset of left and right ventricul 
phase angle was 2.1 + 6.7? (difference not significa 
[NS]). Use of the movable cursors in relation to the 
phase histogram showed that the earliest left ventricul 
phase angle occurred in the proximal septum 
patients. An equally early phase angle was dete 
the base in eight patients and at the inferoapica 
in four of these patients. The phase angle seq 
spread concentrically in an apicolateral direction. 
right ventricle, the earliest phase angle was loca: 
the proximal septum in all patients, with the earl 
phase angle seen also in the inferoapical regior 
patients and at the base in 8 of the 16 pat 
spreading in an apicolateral direction. - 

Patients with an artificial pacemak 
In the seven patients with a ventric 
an electrocardiogram: demonstra 
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ft: entricle Sonny d 
es detected on blood pool 
:d in terminal slurring of the 
stogram. In all seven patients 
lar phase histograms were well 





of the left ventricle (43.4 + 20.2°, p = 
i left ventricular phase angle. of patients 


f $ ght ventricular upstroke and peak 
: eani (16. 2 4 + 13. 09) significantly: 







! ft and right vent ticular Eon bcn, onset of 5.6 : 
2 4. 6? (p= - 0. 02). Assessed in the left anterior oblique: 
projection, the site of earliest phase angle in the anterior 
projection. was further localized to the right ventricular l 
apex. This site corresponded to the position of the right 
ventricular endocardial: pacemaker identified in the 
chest X-ray film in each case. In two patients equally 
early activation of a left paraseptal focus was seen. In 
the “best. septal” left anterior oblique projection, the 
pattern of phase angle spread in an orderly fashion from. 
the earliest site in the inferoapical region of the right 
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"rp id to the d hen a across poe right ventricle * slurring sec seen in the tertii ial 


togram. In two patients. the right ventricular [ 
histogram showed an initial pas owing to early 
paraseptal activation. 


h in regions E to previously docu- 
mented segments with severe > wall motion abnormali- 


FIGURE 2. Phase images in a patient with normal conduction and contraction. A, the upper panels are sequential phase images performed. in the : 

“best septal" left anterior oblique projection. In the far left frame (1) the left ventricular (on the right posteriorly) and right ventricular (on the le 

anteriorly) regions of interest are outlined. Phase angle is indicated by the gray scale, where increasingly lighter shades represent increasing phasi 

angle. In this normal patient both ventricles appear homogeneous in dark gray. Slightly darker shades in the septal and apical regions indicate áreas 

of earliest phase angle. The atria appear in light shades superior to the ventricles; the background has random phase variation and appears in 

. salt and pepper distribution. Below each image are the phase histograms for the left ventricle in white, and right ventricle in black. In this nort 

' patient, histograms are nearly coincident, with the right ventricle narrowly preceding the left ventricle. Cursors superimposed on the histograr 
indicate the sampling window in each case. Those locations within the respective ventricular regions of interest which demonstrate phase ang 

between the limits set by the cursors appear white on the related images. Images labeled 1 to 5 have been chosen through the cardiac cyc 
demonstrate the dabei. pee mio ace In this case, the sepium appears to be the site of earliest phase pte with succeeding $ 






















eft veritricular t pha: | 


, phase images demonstrated that the site of ear- 
st phase angle was localized in the lateral left ven- 
cular wall. This site corresponded to the position of 
he left ventricular epicardial pacemaker identified in 
the chest X-ray film. 

_ Patients with preexcitation (Table I): Phase im- 
ges of four patients with the Wolff-Parkinson-White 
_ syndrome were analyzed. Two of these (Cases 25 and 26) 
- showed homogeneous ventricular phase patterns with 
. no discernible difference between left and right ven- 































ical and septal changes. 





eceded that of the right ventricle by 1689. 
pssed i in anterio and left anterior oblique projec- 








proximated a a Gaussian « curve. The oi set. of the phase 
angle of the left ventricle preceded that of the right 
ventricle by 2.8? in Patient 25, but no difference in this 
measurement was detected in Patient 26. In Patient 25 
the site of the earliest phase angle was located in the 
proximal septum and was situated inferiorly on analysis 
of the phase image in the anterior view. This observation 
corresponded with the electrophysiologic finding of a 
left posterior paraseptal accessory pathway. In Patient 
26, components of both ventricles showed early se- 
quential and simultaneous phase changes arising from 
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IGURE 8. Patient with a right ventricular pacemaker. A, sequential phase images and associated ventricular phase histograms (1 to 6) in the same 
format as in Figure 2. In-contrast to the pattern in patients with normal conduction, the right ventricle, particularly in its apical and septal regions, 
presented by a darker gray shade than that of the left ventricle. Distal left paraseptal locations are also darkly shaded. The sites of earliest 
phase angle are localized to the right ventricular apex and distal septum. Owing to the pacemaker effect on the septum, the phase histograms of 
ich ventricle have a simultaneous. onset. However, the left ventricular phase histogram demonstrates delaved upstroke and peak compared with 
at of the right ventricle. owing to delayed left ventricular activation. The highlighted sequence of phase changes demonstrates initial right ventricular 
ie subsequent phase sequence involves the right ventricular body with subsequent involvement of the right ventricular 

be .B |, enlargement of frame 1 of panel A demonstrates the relation between sequential ph 
distribution. Here, the a Oi paints to the tight ventricular apex and distal septum, the regione 5 of earliest onset of f phase angle and contraction. 





hase variation and gray scale 


















: mean [phase ol of the left ventricle (29.7 + 97. 3?) was later 
than that of the right ventricle (—9.2 + 30.8?) and the 
- earliest onset of the right ventricular phase at the lateral 
. right ventricular margin slightly preceded the onset of 


| the left ventricular phase. This s pat ent demor tra 
a right lateral bypass pathway on electrophys 


















assessment. In Patient 28, a left lateral bvpass pa 
was identified electrophysiologically and scintigra 
cally (Fig. 5). The right ventricle showed a lighter; 
shade than the left ventricle, and the mean phase of the 
right ventricle (14.1 + 27.8?) was later than that of the 
left ventricle with earliest phase at the left ventricular. 
base. In each patient with the Wolff-Parkinson-White 
syndrome sequential phase variation was seen to pro- 
ceed serially from the focus of earliest phase onset. In. 
the two patients with a lateral focus, phase change was. 
seen to spread in an orderly fashion from the lateral wall: 
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of phas d in the same iut by the same observer 
were (1.8 + 1.3?) and (0.2 + 0.4°), and by a second ob- 
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es, T ely. C Not surprisingly, the 
ise h Tar and. sequential phase changes were 
again a little different. Regression analysis between the 
two phase readings in each patient group yielded an R 
value consistently greater than 0.95. 


Discussion 


Conduction-contraction relation: The sequence 
of ventricular depolarization in human beings has been 
well documented,'4 and it has been shown that epicar- 


FIGURE 5. Patient with Wolff-Parkinson-White syndrome and a left-sided bypass pathway. A, the pattern of phase images and phase histograms 
similar to that in patients witha left ventricular pacemaker; the left ventricle is seen to be represented in a darker gray shade than the right ventricle 
in frame 1. The site of earliest phase angle is in the high left ventricular wall, and the site of ventricular entry of the bypass tract was confirmed 
endocal dial gasd The right ventricle phase histogram has a later onset and peak than that of the left ventricle, and the highlighted sequence 

e cha nge i correspondingly. later in the right than in the left ventricie owing to the presence of the bypass pathway. In frame 4, activation 
is noted by way of the normal pathway while in frame 5, phase changes after normal and bypass pathway conduction combine to 
of the left ventricle, consistent with a fusion beat. B, enlargement of frame 1 panel: A demonstrating the darker gray shades 
the left vane terete and basal region (arrow), the site of the earliest phase angle, onset of contraction du the Site ur the entry of the accessory 
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eng documented the. close relation be- 
luction and succeeding contraction. The 
age has already been shown to characterize 
/ the abnormal ventricular activation sequence 
stained ventricular tachycardia,!? and it ap- 
rs to parallel the conduction sequence in normal 
subjects and patients with bundle branch block.19.19 It 
- was logical then to apply the technique to the identifi- 
cation of abnormal foci of ventricular activation at 
. ^ physiologic heart rates in patients with ventricular 
Lc pacemaker-dependent rhythms and in a group of pa- 
~~ tients with sinus rhythm and documented Wolff-Par- 
kinson-White syndrome and evident preexcitation. 
<> Potential problems: The derivation of the phase 
5. image is based on an imperfect estimate of the ven- 
tricular time versus radioactivity curve. Errors in the 
method could result from problems of curve fitting, 
heart rate variation, cardiac motion and other causes. 
_ Overlapping and background structures produce low 
-.. level noise that influences phase assessment. Although 
-~ higher level Fourier transforms and other more so- 
| phisticated mathematical methods?? may provide a 
< closer curve fit, none of these have been shown to 
|.. overcome some of the intrinsic methodologic difficulties 
or to provide more accurate results than the relatively 
simple, and apparently effective, technique used 
here. 
©- Overlying or underlying structures may contaminate 
regional ventricular phase values. Such considerations 
-may be less critical in the assessment of events early in 
the activation sequence, and multiple projections per- 
mit triangulation of the true pattern of activation. In 
. . this study, the left anterior oblique projection permitted 
".- separation of the two ventricles with localization of 
activation along an anteroposterior axis while the an- 
terior projection aided localization along a basal to ap- 
ical axis. List mode acquisition or postprocessing 
— techniques could eliminate rhythm irregularities, but 
. the simple method used here would be intolerant to 
^ gross rhythm abnormalities. Because measurements 
were obtained from a continuous fitted curve, the pre- 
- cision of phase angle measurements was increased. The 
: temporal resolution of phase angle measurements ap- 
. pears to be better than the frame duration at which the 
. blood pool study was acquired. However, owing to the 
. inaccuracies in the method, and inexact localization of 
- landmarks in the cardiac cycle, phase variation can re- 
- liably be assessed only in terms of the relative sequential 
se angle changes. Absolute temporal measurements 
as analysis might be achieved with more exacting 

















































‘and conduction in the no 
. locate the ectopic sit e 
patients with: varying sites of initi 
-initial sites of. ventricular activ 


and endocardial lepolarization sequences. are 
-10 Because phase image analysis presents the- 
pattern of ventricular. contraction, the ability of the ` 
phase method. to Shatacteliua: need of electrical = 
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phase change, determined scintigr 
normal subjects, parallel the reporte 
trical conduction.!^!5 The phase image 
phase change in our seven’ patient 
tricular endocardial pacemaker were ver 
those of the normal subjects. The site o 
angle was located at the ventricula : 
sionally, the adjacent septum, and it correspo i 
the radiologic position of the pacing electrode. 
group, the peak of the phase histogram of the left: 
tricle was distinctly later than that of the right ventric 
the left ventricular mean phase angle was delaved and 
intrapatient difference between left ventricular a 
right ventricular mean phase angles was significantly 
different from that of normal subjects. . ~ 5 
We’ have previously shown that severe regiona 
contraction abnormalities may cause phase dela 
Abnormalities of conduction will affect the sequence 
contraction and might obscure minor contraction a 
normalities. Yet, with the possible exception oft 
septum in left bundle branch block there is no cle 
evidence that conduction abnormalities themselv 
reduce the degree of ventricular contraction. Because 
five of the seven patients with a right ventricular | 
pacemaker had significant left ventricular wall motion _ 
abnormalities in association with coronary disease, it 
is possible that the recorded findings reflect this disease - 
to some degree. However, wall motion abnormalities will — 
not affect phase angle in ventricular regions with normal - 
contraction nor will they affect the pattern of sequential _ 
phase change outside the region of contraction abnor- | 
mality. Because the pacemaker could be effective only - 
through contact with an electrically and mechanically | 
active myocardial focus it is unlikely that abnormally | 
contracting segments would conceal the pacemaker | 
focus as localized by the earliest site of phase onset. - 
Although certainly affecting the late portion of the ac 
tivation sequence, there is little reason to believe th 
regional contraction abnormalities affect phase che 
acterization of early stages of the activation sequence 
so critical here. The general pattern of phase change wW 
similar in all patients with a right ventricular pac 
maker, but variation in phase pattern in four pati 
was likely related to slight differences in the loca 
and contacts of the pacemaker. The phase 
patients with normal contraction and the finc 


















































fected by contraction abnormalities: ‘support. a : 
delay in left ventricular contraction in patients w 
right ventricular pacemaker. | F b 
In two pouch with a ee or Ex lateral bypa 
































































| Min. Vistográms. This finding, and the im- 
ct separation of the abnormal focus from the nor- 
nal site of ventricular activation, may be characteristic 
.paraseptal accessory pathways and could be ex- 
plained by the close spatial relation between normal 
septal and bypass conduction pathways. 
. The diagnosis and approximate localization of bypass 
racts can be achieved by analysis of the surface elec- 
'ocardiogram and electrophysiologic map. Scintigraphy 
might be expected to locate bypass tracts more specif- 
ically, especially those that are relatively inaccessible, 
using standard catheter techniques and in those pa- 
ients with Wolff-Parkinson-White syndrome who show 
o retroconduction to the atrium during tachycardia or 
entricular stimulation. 
Conclusions and implications: Phase imaging 
rovides reliable reproducible information regarding 
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| ( a relatively gro " 
inherent ; naccuracies, it can asda detect presen ` 


foci of ventricular activation. Although the phase data 
presented here and elsewhere”! accurately parallel — 
information supplied by the surface electrocardiogram, 
the phase method provides a unique sequential portrait 
of mechanical and related electrical events. It appears - 
quite sensitive to the detection and characterization of : 
abnormal patterns of ventricular activation and pro- 
vides a new and useful noninvasive modality for their 
localization. Similar to its application in patients with | 
an implanted pacemaker, phase imaging could be ap- © 
plied to aid medical and surgical treatment by localizing 
the site of ectopic activation in patients with preexci- 
tation through a bypass pathway or in those with 
spontaneous or stimulated ventricular tachycardia. The 
use of phase methodology in these and in other clinical 
settings promises to be of significant clinical utility, 
providing valuable and exact noninvasive “electro- 
physiologic" information that is available in no other 
way. 
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3 weeks but an “accelerated” protocol (3 miles/h with 5 percent cr 
ments in grade every 3 minutes) at 11 weeks. Measured and estimat 
values of peak VO; were nearly identical for both groups of patient: 
performing the standard protocol at 3 weeks (mean + standard c 

20.5 + 4.7 versus 20.4 + 6.1 and 22.1 + 4.1 versus 22.5 + 4.5 ml/ 

min for Groups | and Il, respectively). Measured and estimated values of 
peak VO» were also similar for patients completing the standard protoco 
at 11 weeks (26.3 + 7.6 versus 26.7 + 6.9 ml/kg per min). in contrast, 
estimated values of peak VO; were significantly higher than measure« 
values in patients completing the accelerated protocol at 11 weeks (30. 
+ 4.3 versus 27.7 + 5.0 ml/kg per min (probability [p] = 0.001). Holdinc 
onto the treadmill handrails significantly increased estimated peak V VO; 
(32.7 to 37.9 ml/kg per min) but did not affect measured peak VO; ( 

to 31.8 mi/kg per min). These resons indicate that V0; for Menus y 


of the cardiovascular system in Dichos with coronary ‘artery dis 
A commonly used index of the patient's capacity to transport and 
oxygen is the maximal or peak oxygen uptake (VO5). Maximal o yg 
uptake during clinical exercise testing on a motor-driven treadmill 
stationary cycle ergometer has been determined using three diffe 
procedures: (1) direct measurement, (2) prediction from subi 1X 
exercise responses, and (3) estimation from the pene} inten 
exercise performed. 

Direct measurement of VO; during exercise usually is 
the oxygen and carbon dioxide content of a known volume 
Standard equations are used to calculate the quantity of « 
by the body within a specified period of time.! The eq 
for accurate measurement of VO» during exercise is rela e 
and requires frequent maintenance and calibration, anc 4 hec C 
of expired gas inhibits verbal communication with the patie 
other approaches to. pou or r estimate VO; 2 may be preferable it 
clinical exercise testing. Fan X * 


= “relation a at c one e or more 












se peak heart rate is often significantly lower than 
at of healthy adults of a similar age.? 

chanical efficiency during most familar forms of 
al effort such as treadmill walking or cycle er- 
try is relatively constant in normal persons. The 
ge VO: required to perform a specific intensity of 
ercise on the treadmill or cycle ergometer can there- 
(D estimated from the oxygen cost of a given speed 
and grade on the treadmill or power output on the cycle 
'rgometer and is available in published tables.*5 These 
ta are frequently used to estimate VO» during sub- 
maximal and maximal exercise. The oxygen costs for 
rious speeds and grades of treadmill work have been 
measured primarily in healthy adults. Few data are 
tblished giving the oxygen cost of various exercise 
protocols performed by patients with chronic coronary 
artery disease?" and still fewer for patients tested soon 
ifter myocardial infarction, many of whom have sub- 
normal peak heart rates? and depressed ventricular 
unction.? Exercise protocols utilizing smaller work 
ncrements and requiring a longer exercise duration, 
such as those devised by Balke, are reported to yield 
lightly lower values of measured maximal VO, than 
hose. utilizing larger work increments such as those 
i eveloped by Bruce and Ellestad.!01 

The primary objective of this study was to determine 
he accuracy with which VO; during submaximal and 
maximal exercise can be estimated from treadmill speed 
id grade in patients tested soon after clinically un- 
'omplicated myocardial infarction. The influence of 
Earn rail- holding or: estimated VO» was also eval- 





Methods 


patiente: Men aged 70 years or less hospitalized at 
University Medical Center for myocardial infarction 
'ere free of major medical complications 3 weeks after 
ion were recruited for this study. Myocardial infarction 
d in the hospital by a history of prolonged chest 
earance of new Q waves or evolutionary ST-T 
acteristic elevation of cardiac enzymes 
kinase and glutamic oxaloacetic transami- 
discharged from the hospital between 8 
farction. Patients with unstable angina 
failure, including an S5 gallop or asso- 
ns limiting exercise performance, were 









ail all 47 patients utilized 
h treadmill e aec was held con- 


s inappropriate for patients with "heart disense Se 















































-9 E. 10.5 3 
4-6 2.5 14.0 4 
7-9 5.0 17.5 $4 
13-15. 10.0 24.5 qe 
16-18 © 12.5 28.0 8 
19-21 15.0 31.5 9 
22-24 17.5 35.0 — 10 
25-27 20.0 38.5 41 
28-30 22.9 42.0 12 





* Treadmill speed was 3 miles/h throughout. 


The clinical characteristics of the two groups of 22 and 25 — 
patients were not significantly different with respect to age, 
height, weight, use of medication or site of infarction. Simi- 
larly, at 3 weeks these two groups did not differ significantly 
with respect to peak heart rate, systolic pressure, measured 
VO» or respiratory exchange ratio. At 3 weeks only four pa- 
tients were taking cardiovascular medications: Two were 
taking a beta blocking agent, one a beta blocking drug and 
nitroglycerin and one only quinidine. For comparison pur- 
poses 13 healthy men with a mean age of 45 + 7 years were 
tested using the standard protocol. 

Exercise protocol: The oxygen requirement for the stan- 
dard treadmill protocol, measured by Nagle et al.!? in young 
and middle-aged men, increases at an average rate of 3.5 ml/kg 
per min with each 2.5 percent increase in treadmill grade. The 
average oxygen requirement for walking 3 3 miles/h at 0 percent 
grade is given as 10.5 ml/kg per min or approximately three 
times resting oxygen consumption (frequently termed 3 
METS). 'This protocol has been recommended for use during 
treadmill testing of healthy, sedentary adults and patients 
with heart disease.!? 

Testing was performed during the afternoons in an air- 
conditioned laboratory at least 2 hours after the patients' last 
meal. On the days patients performed the exercise test, they — 
refrained from taking medications until after the test. The 
patients gave informed consent and were examined before 
each treadmill test, which was supervised by a physician or 
specially trained cardiovascular nurse. A 12 lead resting 
electrocardiogram was recorded and brachial arterial blood 
pressure was measured bv sphygmomanometry before exercise. 

A 12 lead electrocardiogram was recorded at the end of each . 
3 minute stage of exercise, at peak effort and immediately. _ 
after peak effort (standing) and at 1, 2, 3, 5 and 10 minutes of. 
supine recovery. Leads V4to Ve were continuously monitored 
during exercise and recovery. Systolic blood pressure was 
measured during the last 30 seconds of each work load and at - 
peak effort. Test end points included angina pectoris (grade - 
34-), fatigue or dyspnea, abnormal blood pressure response _ 
(a decrease in systolic blood pressure of 10 mm Hg or more . 
from the peak value attained during an earlier phase of effort), . 
or ventricular tachycardia (three or more consecutive p 
mature ventricular complexes). Neither the. magnitude 
exercise-induced ischemic S-T segment depressi 
tainment afi an dades dai Nep gis e 






















lues (mean + standard deviation) Sar grande led Treadmi ill Tes i 


3 Weeks _ 


pam It 
“Standard 


25 
139 + 18 
177 + 26 


60 + 17.6 
22.1 + 4.1 


1.01 + 0.08 


—. 137 x: 19 
| 176 + 21 


52 + 15.9* 
. 20.5 + 5.6 


ETSII 


| Standard J 
150 & 21 
189 + 23 


| 69 & 25.1* 
26.3 Ł 7.6 


104 £ 0.11 


p <0. 05 for comparison between Groups. D and H. (BTPS = body temperature, pressure and saturation) Ve = = pulmonary ve 


in liters/min; RER = respiratory exchange ratio; VO, = 






a 150 cm length of respiratory tubing, past a pneumotacho- 
-. meter head (Vertek VR-4000), then to a 4.5 liter Lucite® 
-. mixing and sampling chamber. Gas was continuously with- 


n drawn from the chamber at a rate of 500 ml/min and routed 


through a Drierite filled polyethylene column, Beckman 
M-11 oxygen analyzer and Godart Capnograph. Analog 
ignals from the Vertek, OM-11 and Capnograph were sent 

. an analog to digital converter and an IMSAI 8080 micro- 
computer along with the output of a Quinton model 609 ex- 
ercise cardiotachometer. Average values for 1 minute intervals 
were calculated from standard formulas and printed every 15 
< seconds for ventilatory volume, oxygen uptake, respiratory 


| due exchange ratio and heart rate. Oxygen uptake measured 


during the last full minute of exercise was considered to be 


c peak VO;s. 


Statistical analysis: Measured and estimated values for 
Y O» during the two work loads preceding peak VO» and at 
peak VO. ? Were compared with estimated values for these work 
loads using paired £ tests (p 0.05, two tailed tests) and 
Pearson correlation coefficients calculated. Multiple linear 
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3 Week tests 
oe (Group 1) 
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oxygen uptake in mi/kg per min. 


regression analysis was used to compare sitas. 
mated VO» values during submaximal exercise, a 
dence limits were computed. Individual measured val 
maximal exercise were plotted against estimated val 

a confidence interval of 3.5 ml/kg per min or 1 M. 
confidence interval was selected because estimated oxy 
uptake is frequently expressed for an individual suu € 
whole MET values. n 


and estimated peak VO» a separate group’ pof 12 paient Y wi ` 
coronary artery disease who were 12 months after infarctior 
(mean age 54 + 10 years) performed symptom-limit | 
treadmill exercise with and without rail-holding presentec 
random sequence separated by 1 hour. All of these tests s w 
performed using the standard protocol. 5 


Results v 

No complications of exercise testing were noted. Pe a 
values for heart rate, systolic blood pressure, ventilatior 
volume (Vg), measured VO» and respiratory exchanp 





|. - Measured and Estimated Oxygen Uptake at Peak and Submaximal Treadmill Exercise (mean + standard deviation) 


Standard Deviation 
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ti d Sovel p ID 21 patients c percent) 
ped because of fatigue or dyspnea, 3 (12 percent) 
use of. angina and 1 (4 percent) because of a de- 
ease in systolic blood pressure. The reasons for stop- 
ng the tests were highly reproducible in the two groups 
11 weeks. 
Measured versus estimated VO»: Table III contains 
e oxygen uptake values measured at peak exercise and 
ng the two work loads preceding peak exercise along 
th their corresponding estimated values. Measured 
lues at peak exercise and at the highest submaximal 
rk load (peak —1) were lower than estimated values 
or patients at 11 weeks in Group II (accelerated pro- 
- tocol). Measured and estimated values were very similar 
_ in patients completing the standard protocol at 3 and 
weeks. Correlation coefficients for estimated versus 
measured values for all test conditions were significant 
p <0. 05) with all r values exceeding 0.70 and 10 of 12 
ceeding 0.80. The standard error of estimate for 
neasured peak VO; was 3.85 and 3.72 ml/kg per min, 
spectively, for Groups I and II at 3 weeks, 3.90 ml/kg 
jer min for Group I performing the standard protocol 
at. 11 weeks and 4.16 for Group II performing the ac- 
'elerated protocol at 11 weeks. 
Individual values of measured peak VO» for patients 
ind healthy subjects are plotted against estimated 
ialues for healthy subjects!? in Figure 1. Of the 47 
tients tested 3 weeks after infarction, 12 (26 percent) 
ad a measured peak value that deviated more than 1 
MET from the estimated value. These patients' values 
e nearly equally distributed above and below the es- 
ited value. Of the 22 patients performing the stan- 
| protocol 11 weeks after infarction, 4 (18 percent) 
measured peak values that deviated more than 1 
"from the estimated value; in 2 of these patients 
value was less than the estimated value. Of the 25 
ents completing the accelerated protocol 11 weeks 
arction, 11 (44 percent) had a measured value 
d by 1 MET or more from the estimated 
(91 percent) of these values were below the 
e. Because so few subjects were taking 
ir medications at 3 weeks (n = 4) or 11 
), the influence of use of medication on the 
from exercise intensity could not be 

















































"he inf uence of rail-holding on the 
uptake from treadmill speed 
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11 WEEKS POST M.I. 
& NORMAL SUBJECTS 
e GROUP! (n= 22) 
o GROUP H (n = 25) 
& NORMALS (n = 13) À 


* 


MEASURED PEAK VO, (mi/kg/min) 
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IM 3 WEEKS POST M.I. 
e GROUP! (n= 22) 

o GROUP It (n = 25) 
0 10 20 30 40 50 
ESTIMATED PEAK VO» (ml/kg/min) 


FIGURE 1. Individual oxygen uptake (VO; values measured at peak 
exercise plotted against reported estimated values. '^ Solid lines rep- 
resent estimated values for each work load and dashed lines represent 
+3.5 mi/kg/min or 1 MET from the estimated value. M.I, = myocardial 
infarction. 


timated peak VO» significantly exceeded measured 
values: 37.9 versus 31.8 ml/kg per min (p «0.001). 


Discussion 


Peak VO» at 3 weeks versus 11 weeks after in- 
farction: The values for peak heart rate and systolic 
pressure in the present study 3 and 11 weeks after 
myocardial infarction are similar to values we!‘ previ- 
ously reported. Values for respiratory exchange ratio 
ranging from 1.01 to 1.09 suggest a near maximal per- 
formance in these patients but are slightly lower than 
those reported by Kavanagh and Shephard." In gen- 


eral, our data indicate that oxygen uptake (VO») values - P 


determined for healthy adults can be used to estimate 
VO; in patients during symptom-limited treadmill 
testing soon after myocardial infarction if the rate at 
which exercise intensity i is increased is slow (approxi- 


mately 3.5 ml/ ig per min increase in VOs every 3 min- . . 


utes). Average values for measured VO» at submaximal - 
and maximal exercise fell within 1.0 ml/kg per min of - 
the estimated value at both 3 and 11 weeks after in- 


farction when patients used the standard protocol of 3.0. = 
miles/h with 2.5 percent increments in treadmill grade e 
every 3 minutes. 


Eleven weeks after infarction, when more rapid in- 
y were used to test patients 
of peak VO» were signif- 
values (mean 30. 8v versus 































UM E 
2 P NECS NO RAILS. RAIL HOLDING 
EEUU FIGURE 2. Measured (M) and estimated (E) oxygen uptake (VO;) values 
ooo. (mean + standard deviation) at peak exercise for 12 patients with heart 
|... disease obtained while they were (right) and were not (left) holding onto 
is aS the handrails. NS = not significant. 


M E 


Lo oxygen requirements, with a greater portion of the en- 
*. A ergy demand being met anaerobically. These data ex- 
- tend the previously reported observations®!° of a lower 
peak VO» in patients with heart disease than in healthy 
adults at the same peak work load when increments in 
— 5 VOs exceeded approximately 7.0 ml/kg per min per 
pon stage. | 
oC Effect of rapid i increase in exercise intensity on 
.. estimated versus measured VO:: Because VO; during 
. ^ treadmill exercise testing is limited by the oxygen 
| transport capacity of the cardiovascular system, it is not 
surprising that patients with myocardial impairment 
or abnormal chronotropic function soon after infarction 
may fail to meet the cardiorespiratory demands of ex- 
ercise by aerobic mechanisms. Auchincloss et al. 
demonstrated that the lower level of VO» seen in pa- 
tients with coronary artery disease after 3 minutes of 
exercise at 750 kg-meter-min^! on a cycle ergometer 
could be accounted for by the lower cardiac output. 
Subnormal cardioacceleration accounts for the lower 
i; VOs at submaximal exercise after cardiac transplan- 
- 'tation.? In these patients a greater percent of the energy 
.. requirement during submaximal exercise is met by 
— anaerobic mechanisms, as reflected in the higher res- 
piratory exchange ratios during exercise and their 
>> higher blood lactate levels after exercise. The more 
— . rapid the increase in exercise intensity, the more likely 
BT patient with poor myocardial function to demon- 
‘strate a measured VO» below the estimated value during 
ercise. 
Estimated versus measured peak VO»: The in- 
lividual variation in estimated versus measured peak 
/05 3 and 11 weeks after infarction using the standard 
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3.20 mall p per. min a byB Bac et al.$: Or 
with heart disease. Froelicher et al.?° reported 
dard error of 3.95 ml/kg per min in air crewme 
the Bruce protocol and 4.71 ml/kg per min u! 
Balke protocol (3.3 miles/h with a 1. percent ines ( 
grade each minute). : 

Variation among individual subjects in mea 
VOs5ata given treadmill speed and grade may re 
differences in their mechanical efficiency of walking 
the rate at which they can increase their VO; when the 
exercise intensity is increased. The average measured 
VO» at 3 miles/h at a 2.5 percent grade for patien i 
11 weeks after infarction was slightly lower thai 
at 3 weeks, a finding consistent with a small i increas i 
mechanical efficiency with repeated exercise testing. s 

Role of handrail-holding: Patients performing 
treadmill exercise testing are often advised to avoid 
holding onto the handrails. The rationale for this rec- 
ommendation is that rail-holding results in a significant 
increase in treadmill performance and an overestimate 
of peak VO; (Fig. 2). In our patients, the influenc 
rail-holding was greatest at higher treadmill work | 
Zeimetz et al.?! reported that the discrepancy between 
estimated and measured peak VO» was proportional to 
the amount of weight supported by the handrails. 
Similar results were recently reported for healthy young 
men.?? If cardiovascular functional capacity is to be 
estimated from treadmill performance, patients should 
be instructed not to hold onto the handrails, especially 
at higher work loads. 

Conclusions: (1) Values of oxygen uptake measured 
in normal persons performing treadmill exercise are 
applicable to estimates of oxygen uptake in patients 
performing treadmill testing soon after myocardial i in- 
farction provided that the exercise intensity is increased 
at a relatively slow rate. (2) In patients tested soon after 
infarction, the individual variation in measured oxy 
uptake is similar to that measured in other group 
patients with heart disease and in normal persons. (3) 
Treadmill rail-holding results in a significant o overe 
timate of peak oxygen uptake. | 
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Now for angina pectoris 


ISOPTIN... 


(verapamil HCI/Knoll) 


In angina 
of effort: 


Isoptin decreases 
myocardial oxygen 
demand and improves 
exercise tolerance 


By decreasing peripheral vascular resistance and 
decreasing cardiac afterload, Isoptin decreases 

the workload of the heart and the amount of oxygen 
consumed by the myocardium. This action accounts 
for the significant improvement in exercise toler- 
ance and reduction in angina attacks that Isoptin 
produces in patients with classic angina of effort. 





In angina at rest: 


Isoptin dilates the coronary 
arteries and prevents 
coronary vasospasm 


While beta blockers may cause coronary vasocon- 
striction, Isoptin has been shown to prevent spasm 
and to dilate both normal and atherosclerotic coro- 
nary arteries. This action accounts for the significant 
reduction in the frequency of both anginal attacks 
and ischemic ECG events that Isoptin produces in 
patients with unstable (preinfarction, crescendo) 

or Prinzmetal's angina. 


Pharmacologic effects 
of Isoptin in angina pectoris 


INHIBITION OF TRANSMEMBRANE Ca** INFLUX 
Coronary arteries Peripheral vessels 


dilates coronary decreases 
arteries and prevents peripheral vascular 
vasospasm resistance 


increases myocar- decreases cardiac 
dial perfusion afterload 


| increases 02 supply decreases myocar- 


| dial 02 consumption 


The precise mechanism of action of Isoptin as an 
antianginal agent remains to be fully determined, 
but it is likely that its therapeutic effects result from a 
combination of the pharmacologic properties in the 
chart above. 


Please see last page of this advertisement for brief 
summary of prescribing information. 
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(verapamil HCI/Knoll) 
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In angina of effort, 
patients on Isoptin 
exercised significantly 
longer 


In three comparative studies, exercise 
time was significantly longer with Isoptin 
than with propranolol or placebo. '? It is 
likely that patients who enter a clinical 
trial for a new drug have found available 
therapy unsatisfactory. In Study 2 in 

the chart, for example, patients had 
been titrated to maximum tolerated 
doses of propranolol, but were still ex- 
periencing effort-induced angina. It is 
likely that the patient population of 
these three studies was relatively refrac- 
tory to propranolol. Further studies are 
required before a conclusion can be 
drawn from these data. 


In angina at rest, 
patients on Isoptin 
had significantly fewer 
ischemic episodes 


Unstable (preinfarction, crescendo) 
angina: In the study depicted in the 
chart, Isoptin produced a highly signifi- 
cant reduction in transient ischemic ECG 
events and nitroglycerin consumption, 
while propranolol did not differ signifi- 
cantly from placebo.* 

Prinzmetal's variant angina: In a 
nine-month, double-blind study of 16 
patients, Isoptin reduced anginal 
frequency by 87%, nitroglycerin con- 
sumption by 85% and the number of 
ST-segment deviations on Holter moni- 
toring by 77%, compared to placebo.’ 
Please see last page of this advertisement for 
brief Summary of prescribing information. 


ANGINA OF EFFORT 


Double-blind, crossover comparisons of placebo, 
propranolol and Isoptin 


N= 
N= 
P p | P | 


| | 
320 mg 480 mg/ 255mg/  480mg/ 240mg/ 360mg 
day day day day day day 
STUDY 1 STUDY 2 STUDY 3 


E Placebo [P] Propranolol [1] Isoptin 


Mean maximal exercise time (min) 


ANGINA AT REST 


Single-blind, crossover comparison of placebo, 
propranolol and Isoptin 


[2] Placebo 

BE] Propranolol 
300 mg/day 

Bl] Isoptin 


400 mg/day 
NS- Not significant 
Transient Nitro- p--0.01 


ST- segment glycerin 
changes — jg intake p--0.01 


(Avg/48 h, (Avg/48h NS | | 


patient) patient) 








ISOPTIN.. 


(verapamil HCI/Knoll) 


Marked therapeutic 
effects with infrequent 
serious side effects 


In most patients, including those with 
organic cardiac disease, the negative ino- 
tropic action of Isoptin is countered by 
reduction of afterload, and cardiac index 
is usually not reduced. Compared to 
propranolol, Isoptin has only modest ef- 
fect on the resting heart rate; in three 
comparative studies in which the mean 
resting heart rate on placebo ranged from 
76to 82 beats/minute, the mean range 
on Isoptin was 70 to 75 beats/minute, 
compared to 55 to 65 beats/minute on 
propranolol.'? Isoptin does not alter total 
serum calcium levels. 


Incidence in 
1166 patients 


Adverse reaction 
to Isoptin 


6.3% 
3.6% 
2.9% 
1.8% 
1.7% 
1.6% 


Constipation 
Dizziness 
Hypotension 
Headache 
Peripheral edema 
Nausea 
Bradycardia 

(HR < 50 beats/min) 
Fatique 
CHF or pulmonary 

edema 
AV block 

(third degree) 


1.1% 
1.1% 


0.9% 


0.8% 


Why Isoptin, and nota 


beta blocker? 


In addition to its high degree of efficacy in 
both major types of angina, Isoptin re- 
quires no special caution in patients with 


asthma, COPD, diabetes or peripheral 
vascular disease, including Raynaud's 
Disease. 


Careful patient 
selection is important 


Isoptin is contraindicated in severe left 
ventricular dysfunction, sick sinus syn- 
drome (except in patients with a function- 
ing artificial ventricular pacemaker), 
hypotension or cardiogenic shock and 
second- or third-degree AV block. 


Concomitant use 
with other cardioactive 
drugs warrants caution 


In view of limited experience with 
concomitant use of Isoptin and beta 
blockers, Isoptin should be used alone, if 
possible. If combination therapy is used, 
it should involve close surveillance of vital 
signs and clinical status, periodic reas- 
sessment of the need for concomitant 
treatment with the beta blocker, and 
should probably be avoided in patients 
with AV conduction abnormalities or de- 
pressed left ventricular function. Since 
concomitant use of calcium antagonists 
and digoxin increases serum digoxin 
levels, maintenance digoxin dosage 
should be reduced and the patient care- 
fully monitored. Until further data are 
obtained, disopyramide phosphate 
should not be administered within 48 
hours before or 24 hours after Isoptin; 
and in patients with hypertrophic car- 
diomyopathy, quinidine should not be 
administered concomitantly with Isoptin. 


Please see next page for brief Summary 
of prescribing information. 





Now for 
angina pectoris 


ISOPTIN" 
(verapamil 
hydrochloride) 
Oral Tablets 


Brief Summary 


Consult package insert for full prescribing intormation. 


INDICATIONS AND USAGE 
Isoptin is indicated for the treatment of angina pectoris including: 


1. Angina at rest including: 
— Vasospastic (Prinzmetal's variant) angina 
— Unstable (crescendo, pre-infarction) angina 


2. Chronic stable angina (classic effort-associated angina) 
CONTRAINDICATIONS 

Verapamil HC! is contraindicated in: 

1. Severe left ventricular dysfunction (see Warnings) 


2. Hypotension (less than 90 mm Hg systolic pressure) or cardiogenic 
shock 


3. Sick sinus syndrome (except in patients with a functioning artificial 
ventricular pacemaker) 


4. Second- or third-degree AV block 


WARNINGS 

Heart Failure: Verapamil has a negative inotropic effect which, in most 
patients, is compensated by its afterload reduction (decreased peripheral 
vascular resistance) properties without 2 net impairment of ventricular 
performance. In clinical experience with 1166 patients, 11 (0.9%) de- 
veloped congestive heart failure or pulmonary edema. Congestive heart 
failure/pulmonary edema led to discontinuation or reduction in dosage of 
verapamil in 6:(0.596) patients. Verapami! should be avoided in patients 
with severe left ventricular dysfunction (e.g., ejection fraction less than 
30% or moderate to-severe symptoms of cardiac failure) and in patients 
with any degree of ventricular dysfunction if they are receiving a beta 
blocker (see Drug Interactions). Patients with milder ventricular dysfunc- 
tion should, if possible, be controlled with optimum doses of digitalis 
and/or diuretics before verapamil treatment (Note interactions with digoxin 
under: Precautions). 

Hypotension: Occasionally, the pharmacologic action of verapamil may 
produce a decrease in blood pressure below normal levels which may re- 
sult in dizziness or symptomatic hypotension. Hypotension is usually 
asymptomatic, orthostatic, mild and can be controlled by a decrease in 
the Isoptin dose. The incidence of hypotension observed in 1166 patients 
enrolled in clinical trials was 2.9%. 


Elevated Liver Enzymes: Occasional elevations of transaminases and 
alkaline phosphatase have been reported. Two patients had marked eleva- 
tion of transaminase with recurrent elevation upon rechallenge with 
verapamil. Although these patients were not biapsied, the potential for 
hepatocellular-type injury with verapamil appears to exist. Worldwide ex- 
perience has not revealed similar cases and the incidence of this injury is 
not known. Patients receiving verapamil should have liver enzymes moni- 
tored periodically. 

Atrial Flutter/Fibrillation with Accessory Bypass Tract: Patients 
with atrial flutter or fibrillation and an accessory AV pathway (e.g., Wollf- 
Parkinson-White or Lown-Ganong-Levine syndromes) may develop in- 
creased antegrade conduction across the aberrant pathway bypassing 

the AV node, producing a very rapid ventricular response after receiving 
verapamil (or digitalis). Treatment is usually D.C.-cardioversion. Cardio- 
version has been used safely and effectively after oral Isoptin. 


Atrioventricular Block: The effect of verapamil on AV conduction and 
the SA node leads to first-degree AV block and transient bradycardia, 
sometimes accompanied by nodal escape rhythms, fairly commonly dur- 
ing the peaks of serum concentration. Higher degrees of AV block, 
however, were infrequently (0.896) observed. Marked first-degree block or 
progressive development to second- or third-degree AV block requires a 
reduction in dosage or, in rare instances, discontinuation of verapamil 
HCI and institution of appropriate therapy depending upon the clinical 
situation. 


Patients with Cardiomyopathy (IHSS): in a total of 
120 patients referred to the National Institute of Health because of hyper- 
trophic cardiomyopathy (most of them refractory or intolerant to propran- 
olo!) who received therapy with verapamil at doses up to 720 mg/day, 

a variety of serious adverse effects were seen. Three patients died in 
pulmonary edema; all had severe left ventricular outflow obstruction and 
a past history of left ventricular dysfunction. Eight other patients had 
pulmonary edema and/or severe hypotension; abnormally high (over 
20 mm Hg) capillary wedge pressure and a marked left ventricular outflow 
obstruction were present in most of these patients. Concomitant adminis- 
tration of quinidine preceded the severe hypotension in 3 of the 8 patients 
(2 of whom developed pulmonary edema). Sinus bradycardia occurred in 
11% of the patients, second-degree AV block in 4% and sinus arrest in 
2%. It must be appreciated that this group of patients had a serious dis- 
ease with a high mortality rate. Most adverse effects responded well to 
dose reduction and only rarely did verapamil have to be discontinued. 
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PRECAUTIONS 

General 

Use in Patients with Impaired Hepatic Function: Since verapamil is 
highly metabolized by the liver, it'should be administered cautiously to 
patients with impaired hepatic function. Severe liver dysfunction prolongs 
the elimination half-life of verapamil to about 14 to 16 hours; hence, ap- 
proximately 30% of the dose given to patients with normal liver function 
should be administered to these patients. Careful monitoring for abnor- 
mal prolongation of the PR interval or other signs of excessive pharmace- 
logic effects (see Overdosage) should be carried out. 


Use in Patients with Impaired Renal Function: About 70% of an 
administered dose of verapamil is excreted aswmetabolites in the urine. 
Until further data are available, verapamil should be administered cau- 
tiously to patients with impaired renal function. These patients should be 
carefully monitored for abnormal prolongation of the PR interval or other 
signs of overdosage (see Overdosage). 


Drug Interactions 

Beta Blockers: Controlled studies in small numbers of patients sugges! 
that the concomitant use of Isoptin and beta-biocking agents may be 
beneficial in patients with chronic stable angina but available information 
is not sufficient to predict with confidence the effects of concurrent treat- 
ment, especially in patients with left ventricular dysfunction or cardiac 
conduction abnormalities. 

The combination can have adverse effects on cardiac function. In one 
study of 15 patients treated with high doses of propranolol (median dose: 
480 mg/day, range 160 to 1280 mg/day) for severe angina, with pre- 
served left ventricular function lection fraction greater than 35%), the 
hemodynamic effects of additional'therapy with Isoptin (verapamil HCI) 
were assessed using invasive methods. The addition of verapamil to high 
dose beta blockers induced modest negative inotropic and chronotropic 
effects which were not severe enough to limit short-term (48 hours) com- 
bination therapy in this study. These modest cardiodepressant effects 
persist for greater than 6, but less than 30 hours after abrupt withdrawal 
of beta blockers and were closely related to plasma levels of propranolol. 
The primary verapamil/beta-blocker interaction in this study appeared to 
be hemodynamic rather than electrophysiologic. 

In three other studies involving 51 patients, verapamil did not induce 
negative inotropic or chronotropic effects in patients with preserved left 
ventricular function receiving low er moderate doses of propranolol (less 
than or equal to 320 mg/day). Because of the still limited experience with 
combination therapy verapamil should be used'alone, if possible. If com- 
bined therapy is used, close surveillance of vital signs and clinical status 
should be carried out and the need-for concomitant treatment with 
propranolol reassessed periodically Combined therapy should probably 
be avoided in patients with atrioventricular conduction abnormalities and 
those with depressed left ventricular function. 


Digitalis: Chronic verapamil treatment increases serum digoxin levels 
by 50% to 70% during the first week of therapy and this can result in 
digitalis toxicity. Maintenance digitalization doses should be reduced 
when verapamil is administered and the patient should be carefully moni- 
tored to avoid over- or underdigitalization. Whenever overdigitalization is 
suspected, the daily dose of digoxin should be reduced or temporarily 
discontinued. Upon discontinuation of Isoptin, the patient should be 
monitored to avoid underdigitalization. 


Antihypertensive Agents: Verapamil administered concomitantly with 
oral antihypertensive agents (e.g., vasocilators, diuretics) may have an 
additive effect on lowering blood pressure. Patients receiving these 
combinations should be appropriately monitored. In patients who have 
recently received drugs such as methyldopa, which attenuate alpha- 
adrenergic response, combined therapy of verapamil and propranolol 
should probably be avoided (severe hypotension may occur). 


Disopyramide: Until data on possible interactions between verapamil 
and disopyramide phosphate are obtained, disopyramide should not 
be administered within 48 hours betore or 24 hours after verapamil 
administration. 


Quinidine: In a small number of patients with hypertrophic cardio- 
myopathy (IHSS), concomitant use of verapamil and quinidine resulled 
in significant hypotension. Until further data are obtained, combined 
therapy of verapamil and quinidine in patients with hypertrophic cardio- 
myopathy should probably be avoided. 


Nitrates: Verapamil has been given concomitantly with short- and 
long-acting nitrates without any undesirable drug interactions. The 
pharmacologic profile of both drugs-and the clinical experience suggest 
beneficial interactions. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Adequate 
animal carcinogenicity studies have not been performed with verapamil. 
An 18 month toxicity study in rats, at a low multiple (6 fold) of the maxi- 
mum recommended human dose, and not the maximum tolerated dose, 
did not suggest a tumorigenic potential. A two year carcinogenicity study 
will be carried out in rats. 

Verapamil was not mutagenic in the AMES test in 5 test strains at 3 mg 
per plate, with or without metabolic activation. 

Studies in female rats at daily dietary doses up to 5.5 times (55 mg/ 
kg/day) the maximum recommenced human dose did not show impaired 
fertility. Effects on male fertility havenot been determined. 


Pregnancy: Pregnancy Category C. Reproduction studies have been 
performed in rabbits and rats at oral doses up to 1.5 (15 mg/kg/day) and 
6 (60 mg/kg/day) times the human oral daily dose respectively, and have 
revealed no evidence of teratogenicity. In the rat, however, this multiple of 
the human dose was embryocidal and retarded fetal growth and develop- 
ment, probably because of adverse maternal effects reflected in reduced 
weight gains of the dams. This oral dose has also been shown to cause 
hypotension in rats. There are no adequate and well-controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. s ` 


Labor and Delivery: It is not known whether the use of verapamil dur- 
ing labor or delivery has immediate or delayed adverse effects on the 
tetus, or whether it prolongs the duration of labor or increases the need 
for forceps delivery or other obstetric intervention. Such adverse experi- 
ences have not been reported in the literature, despite a long history of 
use of Isoptin in Europe in the treatment of cardiac side effects of beta- 
acrenergic agonist agents used to treat premature labor 


Nursing Mothers: It is net known whether this drug is excreted in 
human milk. Because man» drugs are excreted in human milk and be- 
cause of the potential for adverse reactions in nursing infants from 
verapamil, nursing should De discontinued while verapamil is adminis- 
tered. Studies in rats at 2.5times (25 mg/kg/day) the maximum recom- 
mended human dose revealed no evidence of an effect of verapamil on 
lactation or weaning. 


Animal Pharmacology and/or Anima! Toxicology: Chronic animal 
toxicology studies indicatethat verapamil causes lenticular and/or 
suture line changes at 30 mg/kg/day or greater and frank cataracts at — 
62 5mg/kg/day or greater ir the beagle dog but not the rat. These effects 

are thought to be species-specific. Development of cataracts due to 
verapamil has not been reported in man. 


ADVERSE REACTIONS 

Serious adverse reactions are rare when Isoptin therapy is initiated with 
upward dose titration within the recommended single and total daily 
dose. The following reactions to orally administered Isoptin were reported 
Irom clinical experience in 1166 patients with angina or arrhythmia. Ad- 
verse reactions occurred at a similar rate in controlled clinical trials and 
uncontrolled clinical experience. 


Cardiovascular: Hypotension (2.9%), peripheral edema (1.7%), 
AV block (third-degree) (0.8%), bradycardia (HR <50/min, 1.1%), 
congestive heart failuse or pulmonary edema (0.9%). 


Central Nervous System: Dizziness (3.6%), headache (1.8%), 
fatigue (1.1%). 


Gastrointestinal: Constipation (6.3%), nausea (1.6%). 


The following reactions, reported in less than 0.5%, occurred under cir- 
cumstances where a causal relationship is uncertain and are therefore 
mentioned to alert the physician to a possible relationship: contusion, 
paresthesia, insomnia, somnolence, equilibrium disorder, blurred vision, 
syncope. muscle cramp, shakiness, claudication, hair loss, macules, 
Spotty menstruation. 

In addition, more serious adverse events were observed, not readily 
distinguishable from the natural history of the disease in these patients. 
Of the 1156 patients evaluated, 16 (1.4%) had myocardial infarctions, 
Nine of these 16 patients had myocardial infarctions while being treated 
for unstable angina, 4 of these were receiving placebo, the remaining 5 
received verapamil. 

The daily dose of verapamil was reduced in 6.3% and discontinued in 
5.5% of the 1166 patients (4196 of the patients received verapamil treat- 
ment longer than 6 months). In general, the highest incidence of adverse 
reactions was seen in the dose titration periods in all the studies. — 


Treatment of Acute Cardiovascular Adverse Reactions: The fre- 
quency of cardiovascular adverse reactions which require therapy is rare; 
hence, experience with their treatment is limited. Whenever severe hypo- 
tension or complete AV block occur following oral administration of 
verapamil, the appropriate emergency measures should be applied 
immediately, e.g., intravenously administered isoproterenol HCI, levar- 
tereno! bitartrate, atropine (all in the usual doses), or calcium gluconate 
(10% solution). In patients with hypertrophic cardiomyopathy (IHSS), 
alpha-adrenergic agents (phenylephrine, metaraminol bitartrate or meth- 
oxamine) should be used to maintain blood pressure and isoproterenol 
and levarterenol should be avoided. If further support is necessary, ino- 
tropic agents (dopamine or dobutamine) may be administered. Actual 
treatment and dosage should depend on the severity of the clinical situa- 
tion and the judgment and experience of the treating physician. 


OVERDOSAGE i 
Treatment of overdosage should be supportive. Beta-adrenergic stimula- 
tion or parenteral administration of calcium solutions may increase 
calcium ion flux across the slow channel, and have been used effectively 
in treatment of deliberate overdosage with verapamil. Clinically signifi- 
cant hypotensive reactions or fixed high degree AV block should be 
treated with vasopressor agents or cardiac pacing, respectively. Asystole 
should be handled by the usual measures including cardiopulmonary 
resuscitation. f ; 
DOSAGE AND ADMINISTRATION 

The dose of verapamil must be individualized by titration. Isoptin is avail- 
able in 80 mg and 120 mg tablets. The usual initial dose is 80 mg three 
er four times a day. Dosage may be increased at daily (e.g., patients with 
unstable angina) or weekly intervals until optimum clinical response is 
obtained. In general, maximum effects of any given dosage would be 
apparent during the first 24 tc 48 hours of therapy, but note that between 
24 to 48 hours the half-life of verapamil increases, hence maximum re- 
sponse may be delayed. The tatal daily dose ranges from 240 to 480 mg. 
The optimum daily dose for most patients ranges from 320 to 480 mg. 
The usefulness and safety of dosages exceeding 480 mg per day in 
angina pectoris have not beer established. 3/82 2045 
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Encainide is an investigational antiarrhythmic agent that is very effective 
in the treatment of nonlife-threatening ventricular arrhythmias. Because 
of its marked efficacy and short half-life it has been possible to manipulate 
the dose and dosing interval to produce repeatedly and predictably epi- 
sodes of arrhythmia abolition followed by arrhythmia recurrence. This 
study examined the results of programmed electrical stimulation during 
periods of arrhythmia suppression and recurrence induced by encainide. 
Eight patients with chronic ventricular arrhythmias who had suppression 
of ventricular arrhythmia as assessed by ambulatory monitoring during 
6 months of outpatient treatment with encainide underwent programmed 
electrical stimulation testing in a drug-free state. Patients were then 
randomly assigned to receive placebo or encainide. Thereafter, elec- 
trophysiologic testing was performed twice daily immediately before and 
1 hour after administration of either placebo or encainide. In patients re- 
ceiving encainide, the repetitive ventricular response was neither con- 
sistently absent during periods of arrhythmia suppression nor consistently 
present during periods of arrhythmia recurrence. Furthermore, four pa- 
tients showed increased ease of inducibility of the repetitive ventricular 
response during periods when encainide had suppressed the spontaneous 
ventricular arrhythmias. Indeed, in one of these patients programmed 
electrical stimulation (single extrastimulus) in the presence of encainide 
elicited ventricular fibrillation. Three of four patients randomly assigned 
to placebo therapy initially manifested a repetitive ventricular response. 
However, over a period of time the zone in diastole in which the repetitive 
ventricular response was observed progressively diminished and became 
absent for at least 1 day in all patients. Indistinguishable changes over 
a period of time were seen in the patients treated with encainide. 

Time-dependent variations in cardiac electrophysiologic measurements 
must be taken into account when programmed electrical stimulation at 
a single electrode site is used to evaluate drug therapy. In this study the 
presence or absence of the repetitive ventricular response bore no relation 
to arrhythmia frequency as encainide was administered or withdrawn. 
Programmed electrical stimulation in the presence of encainide may elicit 
potentially lethal ventricular arrhythmias. 


Although preliminary studies have suggested that the investigational 
antiarrhythmic drug encainide is effective in the treatment of simple 
ventricular arrhythmias and nonsustained ventricular tachycardia,'? 
we have found that it is much less effective in the treatment of more 
malignant ventricular arrhythmias, particularly in patients with ischemic 
heart disease.? Indeed, paradoxical worsening of ventricular arrhythmias 
has been reported with encainide.*^? Moreover, Winkle et al. showed 
that the polymorphic ventricular tachycardia and ventricular flutter that 
occurs after encainide treatment often does not self-terminate and the 
patients are often difficult to resuscitate. Because a reentrant mechanism 
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is postulated to be involved in the genesis and mainte- 


nance of these malignant ventricular arrhythmias we 


. wished to determine the relation between the results of 


programmed electrical stimulation (to induce reentrant 
ventricular arrhythmias) and the frequency of sponta- 
neous arrhythmia during encainide treatment. 

The repetitive ventricular response has been reported 


- to represent an independent risk factor for the devel- 


a. 


M 


. opment of sudden death in patients after myocardial 


infarction. The presence of complex ventricular ar- 


= rhythmias is also thought to increase the risk of sudden 


death in patients with ischemic heart disease.^-? Given 
the ability to repeatedly and reliably cause the abolition 


. and subsequent recurrence of spontaneous ventricular 


arrhythmias with encainide in the patients admitted to 
this study, programmed electrical stimulation studies 
were done in patients with and without encainide 
treatment. The purpose of the study was to determine 


. whether the results of programmed electrical stimula- 


tion correlated with suppression and recurrence of 
spontaneous ventricular arrhythmias. However, because 


we perceived a potential risk of programmed electrical 
stimulation during encainide treatment we chose to use 
. a “model system" for these preliminary studies. This 


model system consisted of programmed electrical 
stimulation with single extrastimuli (a technique re- 
ported to have virtually no risk of inducing ventricular 
fibrillation!?) and the patients studied had chronic 
nonlife-threatening ventricular arrhythmias. These 
patients may not be representative of patients with 


life-threatening arrhythmias. Despite the limitations 


of the model system, information is reported concerning 
the generation of life-threatening ventricular arrhyth- 
mias in the presence of encainide during programmed 
electrical stimulation. As a result of a paradoxical ad- 
verse reaction, the study was terminated prematurely 
because the risk-benefit ratio of the investigation in 
these patients did not warrant its continuation. A sec- 
ondary purpose of this study was to assess the repro- 


~- ducibility of the repetitive ventricular response during 


placebo administration. Akhtar!’ concluded that sup- 
pression of the repetitive ventricular response during 
serial antiarrhythmic evaluations cannot be considered 
a dependable therapeutic end point because of its un- 


= known reproducibility. Previous studies have not 


evaluated the reproducibility of changes in the repeti- 


— tive ventricular response. 


Methods 
Study patients: Eight patients with chronic ventricular 


_ arrhythmias (Lown grade III-I Vb) participated in this study 
. after giving informed consent. The patients ranged in age from 


52 to 65 years (mean 58). Two of the patients had documented 


. coronary artery disease, three had hypertensive heart disease 
. and three had no identifiable structural heart disease. The 


patients were referred for treatment of recurrent ventricular 
arrhythmias refractory to empiric therapy with at least two 
antiarrhythmic agents, one of which was procainamide or 
quinidine. Before the initiation of encainide therapy, one 


patient had recurrent sustained ventricular tachycardia, four 
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patients had recurrent three beat runs of ventricular tachy- 
cardia and six of the eight had ventricular couplets. In none 
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of these patients was ventricular arrhythmia related to tran- 
sient clinical states such as drug toxicity, overt myocardial 
ischemia or congestive heart failure. 

In all eight patients 90 to 100 percent suppression of ven- 
tricular arrhythmia and total suppression of ventricular 
tachycardia were documented and later reported.? Submax- 
imal exercise testing (Bruce protocol) was performed once 
during placebo administration and under steady state con- 
ditions during effective encainide therapy. During 6 months 
of encainide therapy before this study, ambulatory monitoring 
was repeated monthly and did not disclose recurrence of ar- 
rhythmias. Seven of the eight patients were asymptomatic 
during this period of time; the eighth had for the first time two 
episodes of syncope (unmonitored). Ambulatory monitoring 
after these syncopal episodes did not disclose high grade ar- 
rhythmias. 

Research design: The patients were admitted to the 
Clinical Research Center of Vanderbilt University Hospital, 
encainide therapy was withheld and the recurrence of ven- 
tricular arrhythmias was seen in all patients. An initial elec- 
trophysiologic study including programmed stimulation 
(described later) was performed in the cardiac catheterization 
laboratory with the patients in a postabsorptive state at least 
48 hours after discontinuation of all antiarrhythmic agents. 
In these patients the mean half-life of encainide had previ- 
ously been found to be 2.7 hours and this suggested that little 
if any encainide (or its metabolites) would be present after 
discontinuation of encainide therapy for 48 hours. Sponta- 
neous arrhythmias had returned to near baseline levels before 
this electrophysiologic study. Lidocaine was used for local 
anesthesia, and blood samples for lidocaine analysis were 
obtained during the initial electrophysiologic study and during 
the control period. All subsequent studies were performed at 
the bedside in the Clinical Research Center. 

Programmed electrical stimulation was repeated during 
a control period at least 6 hours after the initial electro- 
physiologic study. After the control observations, the patients 
were randomly assigned to receive placebo or encainide. In 
patients assigned to receive placebo therapy, programmed 
electrical stimulation was performed twice daily over a period 
of 3 days. Thereafter, the patients underwent programmed 
electrical stimulation immediately before they were given a 
single 25 mg intravenous dose of encainide (over 5 minutes) 
and the electrophysiologic studies were repeated 1 and 3 hours 
after the intravenous injection. | 

In patients assigned to receive encainide, therapy was 
initiated with the same 25 mg intravencus dose. Programmed 
electrical stimulation was performed immediately before and 
I hour after this intravenous dose. The patients then received 
oral encainide therapy for 48 hours. The dose and dosing in- 
terval were chosen and adjusted so that ventricular arrhyth- 
mias were abolished (greater than 90 percent suppression of 
ventricular ectopic beats and 100 percent suppression of 
ventricular tachycardia) for at least 1 hour after the dose and 
recurred in the hour before each subsequent dose. The choice 
of dose and dosing interval was obtained from previously 
published dose-ranging evaluations of these same patients. 
Programmed electrical stimulation was performed four times 
daily immediately before and 1 hour after the encainide dose 
(when premature ventricular complexes were present and 
absent). After 48 hours of oral encainide therapy, placebo was 
substituted for encainide and programmed electical stimu- 
lation was repeated 8 hours later. 

Electrophysiologic studies: A bipolar pacing electrode 
and a hexapolar recording electrode for obtaining His bundle, 
electrograms were inserted by way of the right basilic vein and 
right femoral vein, respectively. The ventricular origin of the 





arrhythmia was confirmed by His bundle recordings in each 
patient. A Medtronic model 5352 stimulator was used to pace 
the right ventricle at a cycle length (S;—S,) of 500 ms and to 
introduce a premature stimulus (So) at varying intervals 
(81-85). After the pacing threshold was determined, pacing 
studies were carried out at both twice diastolic threshold and 
also at a fixed current of 1.8 mA. A single premature ventric- 
ular stimulus was introduced in late diastole, and the coupling 
interval was progressively shortened at 2 ms intervals until 
ventricular refractoriness was encountered. The premature 
stimulus Sə was introduced every 20 to 25 paced beats. 

A repetitive ventricular response was defined as two or 
more ventricular depolarizations in response to a single ex- 
trastimulus that was reproducible at least two of three times 
and obtained with a stable catheter position that was free of 
mechanically induced ventricular beats. The width of the time 
zone in diastole (in ms) over which the repetitive ventricular 
response could be elicited was determined. If a repetitive 
ventricular response could not be elicited at the right ven- 
tricular apex, the electrode catheter was moved toward the 
pulmonary outflow tract and additional attempts were made. 
During the initial study, attempts to elicit a repetitive ven- 
tricular response were made at a minimum of three positions 
in the right ventricular cavity before the patient was desig- 
nated as having a negative response during the initial 
study. 

To exclude bundle branch reentry as a cause of the re- 
petitive ventricular response, both the surface QRS config- 
uration and the presence of retrograde His deflections pre- 
ceding the repetitive ventricular response were assessed 
during the initial electrophysiologic study.!? Bundle branch 
reentry was excluded as a mechanism of the repetitive ven- 
tricular response if the His bundle deflections did not precede 
the repetitive beats and if the surface QRS configuration did 
not resemble the configuration of right ventricular paced 
beats. 

For statistical analysis, grouped data were compared using 
the paired two tailed Student's t test. 
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FIGURE 1. Summarized results of programmed electrical 
stimulation. + designates the presence of the repetitive 
ventricular response; — designates absence of repetitive 
ventricular response. cath lab — cardiac catheterization 

' laboratory; IV = intravenous encainide therapy; pts = 
patients; VF — ventricular fibrillation. 
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Results 


Figure 1 summarizes the results of programmed 
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electrical stimulation and relates these results to the - 
protocol design. In all patients in whom a repetitive - 
ventricular response was elicited during the initial | 
electrophysiologic study, this response could be initiated - 
at the right ventricular apical position. In all eight pa- — 


tients, the catheter was left in place at the right ven- - 
tricular apex for the duration of the study. Bundle 
branch reentry was not observed in any of the five pa- — 


ora ES Io 


tients manifesting a repetitive ventricular response at 


the time of the initial study. 
Biologic Variability of Electrophysiologic Responses 


Control electrophysiologic testing: The initial 


electrophysiologic measurements were made at the time 


of heart catheterization and again 6 hours later in seven — 
of the eight patients. In one patient treatment was — 


begun before the second control study could be per- 


formed because of symptomatic ventricular tachycardia. 


Four patients had a repetitive ventricular response 


during both control periods. Two patients, with a neg- 
ative response at the time of initial programmed elec- 


trical stimulation had a reproducible repetitive ven- 
tricular response during the second control period. One 


‘patient did not have a repetitive ventricular response - 
during either control period (Fig. 1). In all of these pa- — 
tients the lidocaine plasma concentrations were below - 
the detectable limit of the assay (0.5 ug/ml) both during 

cardiac catheterization and during the second control - 


study. 
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Programmed electrical stimulation during pla- - 


cebo administration: Among the four patients ran- 


domly assigned to receive placebo, a repetitive ven- - 
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progressi: ei t: udi and d paralleled the ee seen. 
in the effective refractory period (Fig. 3, top). The serial 
changes in the effective refractory period were similar 
whether stimulation was at twice diastolic threshold o or 3 
ata constant current of 18 mA. j 


Relation Between Repetitive Ventricular Response 
and Arrhythmia Frequency i 


After intravenous encainide (Table I): Seven jac 
tients underwent programmed. electrical stimulation 
before and 1 hour after receiving a 25 mg intravenous 
dose of encainide. The eighth patient was started pre- 
maturely on oral therapy because of symptomatic 
ventricular tachycardia and did not receive intravenous 
encainide. Ventricular ectopic depolarizations were 
present at a rate of 285 + 131 beats/h (mean + standard 
error of the mean) before the encainide infusion and 6.7 
+ 2.3 beats/h after the dose. Immediately before en- 
cainide administration, five patients manifested a re- 
petitive ventricular response that was abolished after 
intravenous encainide in only two. In one of these five 
patients, programmed electrical stimulation 1 hour after 
the administration of encainide induced sustained 
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Encainide 


patient after admicisiration of encainide had ventricular 
C ycardia-ventricular fibrillation - during programmed electrical 
stimulation. 
+ = presence of repetitive ventricular response; — = absence of 
Tépetitite ventricular response 


> ventricular tachycardia that degenerated to ventricular 
fibrillation and required direct current cardioversion. 
The two other patients continued to have a repetitive 
_.... ventricular response; however, it occurred over a wider 
v  zoné in diastole than during the control period. Two of 
. the seven patients did not exhibit a repetitive ventric- 
cular response immediately before intravenous encainide 
dministration although 1 hour after encainide one of 
hese two patients did. 
(00s There was a mean 8 + 7 percent increase in the P-R 
- - interval, an 18.1 4 13 percent increase in QRS duration 
|. and a 2.9 + 3.0 percent increase in the Q-Tc interval 
- « after the intravenous dose of encainide. Overall, the 
. . extent of prolongation of these intervals did not predict 
the presence or absence of the repetitive ventricular 
response after encainide administration. However, the 
patient whose Q-Tc interval was prolonged to the 
greatest extent (13 percent from 422 to 475 ms) after 
encainide was the one who manifested ventricular fi- 
brillation during programmed electrical stimulation 
after encainide. Table II reviews the plasma levels of 
.. encainide and its metabolites seen after the intravenous 
dose of encainide at the time of programmed electrical 
stimulation and relates the plasma levels achieved after 
|. this intravenous dose to the minimal effective concen- 
_ — trations necessary to suppress spontaneous arrhythmias 
- during oral therapy. Overall, the plasma levels achieved 























|". TABLE Il 







p L After the Initial Dose of Encainide 


Minimal Effective 
Concentrations (ng/ml) 








Plasma Concentrations of Encainide (ENC), O-Demethyl Encainide (ODME) and 3-Methoxy-O-Demethyl (3 MODE) Encaini 
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um “did n not predict the outcome of programmed eci 
stimulation. 


Programmed electrical stimulation during 


ventricular response a io a period I H 

ever, the patient who had ventricular response duri 
programmed electrical stimulation after intraveno 
encainide was excluded from further electrophysiolo 


resulta of ee ane dI stimi at n perf ) 
during oral encainide therapy. It indicates that 
presence or absence of the repetitive ventricula 
sponse bore no relation to the abolition of ventricu 
ectopic depolarizations at the peak of encainide effi 
or to the recurrence of ventricular ectopic rhythm at the 
trough of encainide therapy. After 48 hours of therapy - 
the repetitive ventricular response could not be elicited 
at times of arrhythmia suppression or arrhythmia re- 
currence in any patient. During the serial evaluations 
the width of the zone in diastole over which the repeti 
tive ventricular response could be elicited decreased. 
The pattern of disappearance of the repetitive ven- 
tricular response over 48 to 72 hours during encainide 
therapy was indistinguishable from changes seen wi 
placebo alone (Fig. 2). After 48 hours of therapy ther 
was no significant difference in the proportion of pa- 
tients manifesting a repetitive ventricular response in 
the encainide and placebo groups. . 
The ventricular effective refractory period and dio 
astolic pacing threshold in patients receiving pro- 
longed oral encainide therapy increased to a similar. 
degree and over a similar period of time as in patients 
who received placebo (Fig. 3). i 
Relation between treadmill testing and results 
of programmed stimulation: In five patients the fre- 
quency and Lown grade of ventricular arrhythmia 
during treadmill testing decreased during encainide 
administration compared with values during placebo 
administration. However, in three patients receiving 
encainide treatment nonsustained polymorphous ven- 
tricular tachycardia developed during the recovery 
phase of treadmill testing. These patients did not have 
ventricular tachycardia during exercise testing while 
receiving placebo. One of these three patients was the 

































Concentrations at Time of 
Stimulation (ng/ml) 





tient who, after intravenous administration of en- 
ainide, manifested sustained ventricular tachycardia 
hat degenerated to ventricular fibrillation during 
. programmed electrical stimulation. This patient for the 
__ first time also had syncopal episodes during outpatient 
"encainide therapy. Electrocardiographic monitoring 
: after these episodes disclosed no high grade ventricular 
arrhythmia. However, on one occasion right bundle 
_ branch block was present and resolved with a reduction 
: in encainide dosage. The second of these three patients 
- manifested a repetitive ventricular response after but 
not before encainide therapy. The third patient had 
suppression of the repetitive ventricular response after 
_ receiving encainide. 











Discussion 


. Eneainide suppression of spontaneous ventric- 
ular. arrhythmia versus inducibility of repetitive 
ventricular response: In this small group of patients 
the repetitive ventricular response was not consistently 
_ absent during periods of arrhythmia suppression by 
__ encainide nor consistently present when the arrhythmia 
- recurred. Furthermore, four patients showed increased 
_ ease of inducibility of the repetitive ventricular response 
during periods when encainide had achieved suppres- 
_ sion of spontaneous ventricular arrhythmia. These 

findings suggest that therapy that corrects an electro- 
physiologic derangement. responsible for spontaneous 
rrhythmias may not have similar effects on conditions 
esponsible for arrhythmia induction during pro- 
rammed electrical stimulation. There are several 
lausible. explanations for this phenomenon. The 
'athophysiologic mechanism of spontaneous ventricular 
rrhythmias may be different from that induced by 
'rogrammed electrical stimulation. The mechanism of 
pontaneous ventricular arrhythmia may involve in- 
sed. automaticity, an automatic focus triggering 
7, OF reentry alone. In: a patient whose pon ane 
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FIGURE 4. Relation of the presence or absence of the re- 
petitive ventricular response to arrhythmia frequency. Each 
arrow designates the time of oral encainide administration. 
VED/hr = ventricular ectopic depclarizations per hour; 
RVR+ = presence of repetitive ventricular response; RVR— 
= absence of the repetitive ventricular response. 


reentrant circuits. Several other antiarrhythmic agents 
may share this mechanism of paradoxical arrhythmo- 
genesis, /°-!7 Exercise testing or programmed electrical 
stimulation in the presence of nonhomogeneous con- 








duction and refractoriness could be the stimulus for the © 


development of reentrant arrhythmias. Dissociation 
between the results of ambulatory monitoring, exercise 
testing and programmed electrical stimulation observed 
in this study are consistent with these hypotheses. 

In an extension of this study, we!’ recently evaluated 
the changes in spontaneous arrhythmia frequency and 
fibrillation threshold, when O-demethyl encainide was 
given after occlusion-reperfusion injuries in the dog 
heart. O-demethyl encainide is the major active me- 
tabolite of encainide and accumulates to concentrations 
in excess of the parent drug in human beings.!?? Indeed 
there is evidence that O-demethyl encainide may be the 
active agent in the majority of patients receiving en- 
cainide therapy.?! In the canine study,!? we found that 
high concentrations of O-demethyl encainide abolished 
spontaneous arrhythmias while simultaneously de- 
creasing fibrillation threshold. The results seen in this 
ischemic model parallel the clinical findings presented 
in this report. 


Most antiarrhythmic agents have been reported to . 


increase occasionally the ease of induction of ventricular 
arrhythmia during programmed electrical stimulation. 
These agents include lidocaine, mexiletine, aprindine, 
disopyramide, amiodarone and procainamide.!5-1? The 
relation of these paradoxical responses to clinical out- 
come has not been systematically and prospectively 
studied. In one patient in this study ventricular tachy- 
cardia and fibrillation developed during programmed 
electrical stimulation while he was receiving encainide. 


This result appears to correlate with this patient's 


clinical course of unexplained syncope during encainide 


therapy, even though ambulatory monitoring failed to 


disclose high grade arrhythmias. 

Suppression of spontaneous ventricular ar- 
rhythmia versus suppression of arrhythmia in- 
duced by programmed electrical stimulation to 


prevent sudden death: The goals in the treatment of. 
ventricular arrhythmias are to prevent sudden death - 
and to relieve symptoms. The question arises whether 
suppression of spontaneous ventricular arrhythmia or- 


suppression of induced arrhythmia is a better predicator 
of the efficacy of therapy for prevention of sudden 
large incidence of adverse effects 





suppression: of. ventricular. ar- 
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shytlimia by the currently available antiarrhythmic 
gents, it has not been possible to test prospectively the 
ypothesis that suppression of spontaneous ventricular 
arrhythmia prevents sudden death. An advantage of 
programmed electrical stimulation may be that it ex- 
poses a propensity to life-threatening reentrant ar- 
rhy hmias that are manifest spontaneously only under 
rtain conditons such as ischemia, hyperkalemia or 
1. However, although the investigational agent 
yne suppresses spontaneous episodes of life- 
eatening ventricular arrhythmias in patients, it does 
9t consistently suppress the arrhythmias induced by 
- programmed electrical stimulation. The electro- 
- physiologic actions of the individual drugs may influ- 
ence whether the results of programmed electrical 
stimulation are concordant with the results seen during 
ambulatory monitoring. Therefore, it has yet to be es- 
tablished whether suppression of spontaneous ar- 
rhythmia or suppression of arrhythmia induced by 
programmed electrical stimulation is a more reliable 
predictor of protection from sudden death. 
0, Because the protocol for this study was designed to 
p include prolonged placebo periods, patients with acutely 
T life-threatening ventricular arrhythmias were excluded. 
e The last patient admitted to the protocol had ventric- 
|... ular fibrillation after encainide administration during 
_ programmed electrical stimulation. A decision was 
made that it would not be ethical to continue to expose 
(this group of patients with relatively benign ventricular 
~~ arrhythmia to the risks of programmed electrical 
stimulation during encainide therapy. Therefore, the 
study was terminated. Further clinical experience with 
encainide in patients with life-threatening arrhythmias 
is required to determine if paradoxical responses during 
programmed electrical stimulation occur commonly and 
whether these are predictive of adverse clinical out- 
comes. 

In our preliminary experience with three patients 
with sustained ventricular tachycardia associated with 
ischemic heart disease, encainide was ineffective in 
suppressing spontaneous or induced arrhythmias.? In- 
. .. deed, encainide appeared to facilitate the induction of 
-< sustained ventricular tachycardia in two of these pa- 
tients. Burst pacing when used to terminate episodes 
of sustained ventricualr tachycardia was twice associ- 
ated with transient paradoxical disorganization of the 
ventricular tachycardia rhythm. 

Reproducibility of the repetitive ventricular 
response: When antiarrhythmic efficacy is evaluated 
using programmed electrical stimulation, it is often 
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necessary to mie. a anb. of anter 
agents serially over several days. To avoid re 
electrode catheter insertions, investigators have | 
electrode catheters in contact with ventricular ti: 
several days during these studies.???4 In this stuc 
observed electrophysiologic changes over time bo 
patients receiving. encainide and in those re 
placebo. Changes in catheter position and ir 
thetic activity may explain the differences betw 
sults obtained in the catheterization labora 
those seen at the bedside 6 hours later. Over mo 
longed time periods, the electrical properties of th 
electrode-endocardial interface may change signifi 
cantly and contribute to the variability of the repetitive 
ventricular response. It is known that when an electrode 
catheter is left in contact with the ventricle, tissue re- 
action occurs with fibrin deposition and edema forma- 
tion.” This fibrin deposit may physically separate the 
electrode from excitable tissue, and the conduction 
properties of the edematous tissue may alter the current 
density of the extrastimulus.?9 Tissue reaction may also. 
play a role in determining the pathways of the propa- 
gated current in the myocardium and thereby alter o 
establish reentrant circuits. Without recogniton of the 
possible time-dependent changes in these electro- 
physiologic variables, one could falsely attribute to 
antiarrhythmic efficacy a change that resulted solely 
from the passage of time. This represents a major lim- 
itation to using suppression of the repetitive ventricular 
response as a therapeutic end point, particularly if serial * 
evaluations are assessed. D. 

In conclusion, in this study the presence or ES 
of the repetitive ventricular response bore no relation 
to the abolition of ventricular arrhythmia at peak en- 
cainide effect or to the recurrence of ventricular ar- 
rhythmia during encainide withdrawal. Programmed 
electrical stimulation in the presence of encainide may 
elicit a potentially lethal ventricular arrhythmia that 
in one patient appeared to correlate with an adverse. 
clinical response during long-term therapy with en- 
cainide. Third, during serial electrophysiologic studies. 
with an electrode catheter left in a single location, 
time-dependent variation in the presence or absence of 
the repetitive ventricular response occurs. 
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4 mes .. animals have demonstrated that the pulmonary vascular be 
dar Street, 87 LMP, c New: Haven, Con- 





The acute hemodynamic and functional effects of the relatively seléctive D 
beta; adrenoreceptor agonist, terbutaline, was evaluated in a well defined _ 
group of eight patients with chronic obstructive pulmonary disease, ab- - 
normal right ventricular performance and elevated pulmonary vascular = 
resistance. Radionuclide and hemodynamic data were obtained simul- - 
taneously using first pass radionuclide angiocardiography and thermo- - 
dilution pulmonary arterial catheterization. Terbutaline caused no chan je 
in right ventricular end-diastolic volume index but increased right ven- - 
tricular stroke work index from 13 + 5 to 16 + 6 gm/m? (mean + stan- 
dard deviation; p <0.025). Furthermore, pulmonary vascular resistance ? 
index decreased in all patients and for the group decreased from 623 + - 
279 to 407 + 204 dynes:s:cm 5m? (p <0.05). The extent of this decrease : 
correlated linearly with the level of resting pulmonary vascular resistance - 
(r = 0.76). Right ventricular ejection fraction increased significantly from. - 
35 + 10 to 46 + 5 percent; terbutaline resulted in normalization (to greater 
than 45 percent) of the ejection fraction in five of the eight patients. The - 
changes in right ventricular ejection fraction were greatest in patients with - 
the highest level of pulmonary vascular resistance and the lowest baseline - 
ejection fraction. Left ventricular ejection fraction also increased signif- : 
icantly from 62 + 10 to 71 + 10 percent; however, there was no corre- 
lation between the change in this variable and either systemic vascular 
resistance or baseline left ventricular ejection fraction. Systemic oxygen - 
delivery increased from 45 + 16 to 63 + 19 ml/min per m? (p <0. 006) 
without any change in arterial oxygen tension. : 

This study demonstrates that terbutaline results in substantial aug 
mentation of right ventricular performance. This effect appears to be - 
mediated predominantly through alterations in pulmonary vascular re- 
sistance. Terbutaline may provide significant cardiac benefits in addio 
to its salutory effects on the tracheobronchial tree. : 





Recently, there has been an increased awareness of the pathaphysiolosie” 
relevance of right ventricular dysfunction in a variety of acquired and 
congenital heart diseases. Radionuclide techniques for assessing. : 
ventricular function have been developed. and standardized.) : 
functional geometry of the right ventricle is such that systolic functio 
is dependent to a substantial degree on the afterload conditions present. 
One pharmacologic strategy for improving right ventricular function is: 
the use of agents capable of lowering pulmonary vascular resistance an ; 
thereby reducing right ventricular afterload.*? Syn ipathomimetic c age 
represent a class of drugs potentially suitable for this : aim. Wher 
adrenoreceptor agonists result in changes in inotrop) ind chron 
betaz adrenoreceptor agonists appear to have relevant influences « 
the pulmonary and systemic vasculatures.9-? Studies in e 
















vated by the autonomic nervous system.19!! Alpha adr ne: 
lation i increases — ! vascular resistance, while TUM 2 5 

























$ vasodilator response is dependent on the existing 
level of vascular tone.” 

In line with these experimental observations, a 
pharmacologic agent with therapeutic potential for the 
treatment of right ventricular dysfunction is the rela- 
vely selective betag adrenoreceptor agonist, terbuta- 
ne. This synthetic sympathomimetic agent has been 
hown to have 1/20 to 1/30 of the chronotropic and in- 
tropic effects of epinephrine, while possessing sub- 
tantial vasodilatory capacity.!? Terbutaline also is a 
ronchodilator that frequently is employed in the 
_ treatment of chronic obstructive pulmonary disease.!? 
-= Furthermore, initial observations in human beings 
suggest that terbutaline also may augment left ven- 
tricular performance, particularly in the presence of 
_. baseline dysfunction. 1415 

^. The present study is an assessment of the central 
circulatory effects of terbutaline in a well defined ho- 
...mogeneous group of patients with chronic obstructive 
.. disease, abnormal right ventricular performance and 
_ elevated pulmonary vascular resistance. The study used 
..a combined hemodynamic and radionuclide approach 
that allows measurement of right and left ventricular 
: performance, as well as hemodynamic and gas exchange 
.. variables. This study demonstrates the potential car- 
= diovascular therapeutic benefit of this drug in the pa- 
|. tients studied. 





Methods 


^. Study patients: Eight patients with chronic obstructive 
. pulmonary disease! that was relatively uniform with respect 
.. to clinical, hemodynamic and ventilatory characteristics were 
|, studied. All manifested both abnormal right ventricular 
|J performance and elevated pulmonary arterial pressure at rest. 
_ Although two patients had a previous episode of right heart 
:: failure, all were in stable condition and without clinical evi- 
_. dence of heart failure at the time of the study. None had right 
- ventricular hypertrophy by conventional electrocardiographic 
_ criteria. No patient had clinical or electrocardiographic evi- 
. dence of systemic hypertension, valvular heart disease, cor- 
onary artery disease or primary myocardial disease. None 
_. manifested clinical or hemodynamic evidence of tricuspid 
. regurgitation. On the basis of pulmonary function testing, 
-. seven patients had severe and one patient had mild obstruc- 
: tive lung disease.!? None had evidence of reversibility after 
_ inhalation of isoproterenol (150 ug of isoproterenol, Isuprel? 
_ Mistometer, Winthrop Laboratories). 

." Major criteria for inclusion in this study were the dem- 
nstration of abnormal right ventricular ejection fraction and 
evated pulmonary arterial pressure at rest; these criteria 
ere fulfilled by all eight patients. Two of the eight patients 
emonstrated an unexplained mild abnormality in left ven- 
icülar function (defined by a left ventricular ejection fraction 
of less than 55 percent under resting conditions). Six patients 
were male and two female. T'heir mean age was 58 years (range 
| to 67). Baseline pulmonary function and room air arterial 
ood gas data are listed in Table I. 

. Radionuclide technique: First pass radionuclide angio- 
cardiograms were obtained with the patient supine, at rest and 
in the anterior position according to techniques developed and 
standardized in this laboratory, using a computerized multi- 
crystal scintillation camera (Baird-Atomic System-77, Bed- 
ford, Masson AB ‘or the radionuclide studies, 8to 10 
























6 In the feline pulmonary bed. | 
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gemis aci (DTP. A) void injectec 


| acted he superior vena cava 
through the proximal p port of | a 9alloon-tipped. pulmonary 
arterial catheter. All bolus injections were checked for an in- 





tact nature by analysis of a time- -activity curve over the su- 
perior vena cava. Radionuclide studies were not begun until 
at least 30 minutes after placement of the intravascular 
catheters. À minimum of 30 to 45 minutes elapsed between 
repeat radionuclide injections. Right and left ventricular 
ejection fractions were measured from appropriately selected 
chamber time-activity curves according to standard tech- 


niques for this laboratory. ^!? Reproducibility of these mea- 


surements in patients in stable condition is within 5 percent 
(absolute ejection fraction units) for both right and left ven- 
tricular ejection fractions. Normal resting right ventricular 
ejection fraction is 45 percent or greater, and normal resting 
left ventricular ejection fraction is 55 percent or greater. 

Hemodynamic technique: A catheter was placed percu- 
taneously into the radial artery, and a balloon-tipped ther- 
modilution pulmonary arterial catheter was passed by way of 
an antecubital vein cutdown to the pulmonary artery. Intra- 
vascular pressures recorded from the fluid-filled catheters 
were measured using a Bentley transducer positioned 5 cm 
below the angle of Lewis and recorded on an Electronics for 
Medicine recorder (Echo IV). Systolic and diastolic pulmo- 
nary arterial pressures (PAP) and pulmonary capillary wedge 
pressures (PCWP) were measured by averaging pressures over 
at least two respiratory cycles, and mean pressures were ob- 
tained by electronic integration. Cardiac output was measured 
in triplicate by the thermodilution technique, using injection 
of iced saline solution and a commercially available computer 
(Edwards Laboratories, model 9520A). The stated result 
represents the average of three clustered measurements with 
less than 10 percent variation. Derived values obtained from 
hemodynamic and radionuclide data either alone or in 
combination were calculated as follows: 


Cardiac index (liters/min/m?) = _ Cardiac output 
Body surface index 
Stroke volume index (SVD) (ml/m?) 


M Cardiac index 1,000. 
Heart rate 
Pulmonary vascular resistance index (dynes-s-cm~5-m2) 
80 x (Mean PAP — Mean PCWP) 
- . Cardiac indes ^ 
Systemic vascular resistance index (dynes-s-cm ^?.m?) 
80 x Mean arterial pressure 
Cardiac index 


= 


Right ventricular end-diastolic volume index 
SVI 


JUEDVn( 2) m E 
(RVEDVI) (ml/m?) RV ejection fraction. 


Right ventricular end-systolic volume index (ml/m2) 


= RVEDVI — SVI. 

Right ventricular stroke work index (g-m/m?) 
., Mean PAP X SVI X 13. 6 | 
1,000 | 
Arterial and mixed venous oxygen saturations were mea- 
fused using the Macro Reflexion Oximeter (American Optical 
Company, Buffalo, New York). Blood gas tensions were 
measured using a BMS 3 Mark H Blood Micro System (Ra- * 


diometer Company, Copenhagen, Denmark). Gas exchange 
data were calculated as follows: 









= 250-PaO, — 
<o oxygen and carbon dioxide tension. 








al and Pulmonar 


` Age (yr) . FEV, FEV,/VC 
& Sex BEC L) (96). 


50F 
= 62M 


oo Mean 58 1.06 2.31 46 
1 (3796) (5896) 

SD 11 0.47 .99 6 
(1696) (2296) 


~ arterial oxygen tension; PCO, = arterial carbon dioxide tension. 


“ Aeledial alveolar oxygen. tension difference (mm Hg) = 
11.25 X Paco}, where PaO» and PaCO» = arterial 


-Arterial oxygen content = Hemoglobin 
X Arterial oxygen saturation + Arterial tension X 0.003. 


Systemic oxygen transport (ml/min per m?) 
= Cardiac index X Arterial oxygen content. 
Protocol: All cardiopulmonary drugs including methyl- 


- xanthines, bronchodilators, corticosteroids, diuretic drugs and 
digoxin were discontinued at least 48 hours before the study. 


oe At. the time of study, all patients were in a stable and com- 


pensated state. Informed written consent was obtained from 
all patients. Patients were studied supine, at rest and in an 


";,unsedated, postabsorptive state. Heart rate and rhythm were | 


. monitored continuously. All hemodynamic and radionuclide 
- variables were obtained in the resting control state and 30 


^. minutes and after subcutaneous administration of 0.25 mg of 
- terbutaline. This dose and route of administration were cho- 
^v gen because they are used in clinical circumstances and pro- 






2d duce serum levels comparable with those obtained 20 minutes 


i = after intravenous administration of 0.25 mg of terbutaline and 
-Lto 3 hours after oral administration of 5 


c 5 mg terbutaline, a 
De dose commonly used for bronchodilation.?? 
.  .' Data analysis: Data are expressed as mean + standard 
devidtion. ‘Comparison of data obtained in the control state 


and after administration of terbutaline was made by paired 


—. t-test. Linear regression equations were obtained according - 
is to standard formulas. Probability of values of less than 0.05 
were considered Mc p 





modynamie ani MA Il, Fig. 1 and 2) Ter- 
ne increased heart rate significantly from 73414 








*Data expressed as a percent of predicted values shown in parentheses in each column. 
f= = patient with mild.obstructive airways disease: all others have severe airways obstruction (17). 


"M = male; F = female; FEV, = forced expiratory vclume in 1 second; VC = vital capacity; DLCO = carbon monoxide aitusing capacity: PO : 


+ 13 beats/min (p «0.05), cardiac index from 2.5 - c 
7103.7 + 9. 8 Biitere/ayin per m? os <0. OP) and stroke .. 


MICH MH NEN 


Arterial | Blood Gas. 


(ml/min/mm Hg) | (mm Hg) pH (mm 


70 
(d 


65. — 7.45 
ws 13 0.06 
(2896). = 





volume index from 35 + 10 to 43 + 10 m/m? ib <0. 001. - 
Both stroke volume index and cardiac index increased 
in each patient. In contrast, terbutaline did not af 
fect right atrial pressure (9 + 3 versus 8 + 2 mm 
Hg), right ventricular end-diastolic volume index (108 - 
+ 40 versus 102 + 31 ml/m2), mean pulmonary capillary | 
wedge pressure (10 + 2 versus 10 + 1 mm Hg) or mean 
systemic arterial pressure (93 + 13 versus 89 + 12 mm 
Hg) (Fig. 1). Right ventricular stroke work index aver- 
aged 13 + 5 g-m/m? and increased significantly to16 + 
6 g-m/m? (p <0.025) after terbutaline. Control mean and - 
peak pulmonary pressures were 28 + 7 and 42 € 13 mm 
Hg, respectively. Neither changed significantly after. 
terbutaline (27 + 7 and 42 + 12 mm Hg, respectively). 
Control pulmonary vascular resistance index averaged _ 
623 + 279 dynes-s-cm^?-m? (range 248 to 985). After 
terbutaline, pulmonary vascular resistance index de ; 
creased i in all Tearen and: for the group decreaned b o 

























vascular P anre dis = 0, 16, p ) «0. 08). Coi pi 
vascular resistance index averaged 3. 
dynes-s-cm^ 5.m? and decreased significantly to 

+ 582 (p «0.05) after terbutaline. There was. also 
excellent: linear correlation between the e baseline 
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deviation. p values are derived from paired t tests. 


_ vascular resistance index (r = 0.65, p <0.05) and in- 
. wersely with the level of baseline right ventricular 
« ejection fraction (r = —0.78, p «0.05). That is, changes 
-in right ventricular ejection fraction were greatest in 
those with the highest pulmonary vascular resistance 
and lowest baseline ejection fraction. 
~ Left ventricular ejection fraction increased from 62 
+ 10 to 71 + 10 percent (p <0.005), increasing in all but 
ine patient and rising into the normal range in the two 
atients with abnormal baseline values. There was no 
relation between the change in left ventricular 
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ejection fraction and the change in systemic vascular 
resistance index (r = 0.2, p = NS) or the baseline left 
ventricular ejection fraction (r = 0.2, p = NS). In addi- 
tion, the change in right ventricular ejection fraction 
correlated poorly with the change in left ventricular 
ejection fraction (r = 0.49, p = NS). Left ventricular 
filling pressure, as measured by pulmonary capillary 
wedge pressure, was normal in all patients (range 6 to 
12 mm Hg) and did not change with terbutaline (10 + 
2 versus 10 + 1 mm Hg). ! 


Blood gases (Table III, Fig. 3): After terbutaline, - 
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-. FIGURE 2. Acute effects of subcutaneous terbutaline on right ventricular 
`: (RV) and left ventricular (LV) ejection fraction. Both right and left ven- 
: tricular ejection fraction increased significantly with terbutaline. Ab- 
 breviations as before. 


there was no significant change in PaO» (66 + 15 versus 
+ 12 mm Hg) or the alveolar arterial oxygen tension 
difference (46 + 16 versus 48 + 15 mm Hg). Mixed ve- 
0us oxygen tension increased from 33 + 8 to 37 + 6 mm 
g (p <0.025) and increased in all patients. Systemic 
xygen delivery increased from 45 + 16 to 63 + 19 
l/min per m? (p <0.005) and also increased in all pa- 


A tients. 


Discussion 


The conclusions drawn from clinical pharmacologic 
studies are in part dependent on the homogeneity of the 
patient group chosen for evaluation. In the present 
study, with respect to both ventilatory and hemody- 
namic states, a relatively uniform patient group was 
> chosen, thereby allowing detailed assessment of the 
effects of terbutaline. The patients selected had chronic 
- obstructive pulmonary disease without reversible air- 
^ways obstruction), mild to moderate pulmonary hy- 

pertension and abnormal baseline right ventricular 
erformance. Left ventricular function generally was 


ARTERIAL PO, 
(mm Hg) 


IG URE 3. Acute effects of subcutaneous terbu- 
ne on oxygen tension (PO3) and systemic 


" Right ventricular Maece 


ia this e uy, v we e demonsts 


manner as Sal Erna ud ir 
ventricular ond Hücuon was | 


pression in Pike baseline a E AK 
dis decrease i in N vascular re 


therapeutic benefit. | 
Mechanisms of augmented right ve 


diated inotropic contribution to augme 

mance cannot be completely ruled out, tht 

mechanism for the observed phenomena involves 
duction in pulmonary vascular resistance and i 
ventricular afterload due to beta» adrenorece 
stimulation. Our data are consistent with the 4 
mental observations of Hyman et al suggestir 
both alpha and beta» adrenoreceptors are present 


feline lung and that both types of receptors are inne! 


vated by the Wr UR nervous sayatan we 


affected b. a selective nii antàgoniss | 
blocked by propranolol, Changes i in vascula 


poda) This finding. suggests that i e v 


MIXED VENOUS PO, 
Um g) 


SYSTEMIC O; 
















= : control Value; T = terbutaline; PaO. = 


minds deviation. p values are derived from paired t tests. 


response to bela receptor activation is caused primarily 
D: ' a relaxation i in the baseline level of vascular tone. 

iese data are also consistent with clinical observations 
ade in two other studies??? in patients with chronic 
tructive pulmonary disease. In both studies intra- 
ous terbutaline resulted in an increase in cardiac 
nd reduction of pulmonary vascular resistance 
i yes second” these eds also occurred 
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correlated poorly with the induced change in 
| ar ejection fraction. "Therefore, at least in 
is with chronic obstructive lung disease, it 
here are differences in the degree of re- 
bad rais ventricles to terbutaline, as s well 
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| arterial oxygen tension; PaCO, = arterial carbon dioxide tension; DAaO» = alveolar-arterial oxygen 
i ifference; PrvO, = mixed venous oxygen tension; SDO, = systemic oxygen delivery. At the bottom of the table, data are expressed as mean 
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had a mild abnormality in left ventricular performance, 
and the mean left ventricular ejection fraction for the 
entire group was well within the normal range. In con- 
trast, all patients demonstrated abnormal right ven- 
tricular function and altered pulmonary vascular tone. — 
Second, on the basis of differences in functional geom- .. 
etry, there may be differing responses. of the two | 
chambers to abrupt alterations in afterload. Third, in — 
comparison with the right ventricle, the left may be 
more responsive to inotropic stimulation and less sen- - 
sitive to alterations in afterload. | 
Studies also have demonstrated that left ventricular . 
performance responds favorably to terbutaline in pa 
tients with abnormal baseline values. Slutsky et al, 1415 
eous and inhaled terbutaline, ‘note 











tion as well as- decreases in left ventricular volumes E 
These changes were most marked in patients withab- 
normal baseline left ventricular function and were as- 
sociated with significant decreases in systemic vascular — 


resistance. The patients evaluated in their studies either — 
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to the right ventricle, these effects appear to be 

ited predominantly through alterations in pul- 
Yonary vascular resistance. In this study, radionuclide 
measures of ejection fraction were combined with right 
ventricular stroke volume derived independently by the 
thermodilution technique. Through the use of such a 
combination of measurements ventricular volumes 
could be determined independent of geometric mod- 
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Jin Therapy in Patients With 














Failure 
YOSHIKI YUI, MD The acute hemodynamic effects of intravenous prostacyclin (PGl;), in 
jAYOSHI NAKAJIMA, MD doses of 22 + 11 ng/kg per min were studied in nine patients with severe _ 
;HUICHI. KAWAI, MD, FACC congestive heart failure refractory to digitalis and diuretic drugs. After - 
OMOYUKI MURAKAMI, MD prostacyclin infusion, mean (+ standard deviation) pulmonary capillary 
Kyoto, Japan - wedge pressure decreased from 21.0 + 7.9 to 15.0 + 6.6 mm Hg (p 


<0.001), mean arterial pressure from 98.9 + 12.8 to 76.2 + 7.0 mm Hg 
(p <0.001), systemic vascular resistance from 2,574 + 384 to 1,368 + 
283 dynes s cm"? (p <0.001), pulmonary vascular resistance from 1,008 
+ 451 to 443 + 135 dynes s cm ^? (p <0.001) and pulmonary arteriolar - 
resistance from 330 + 111 to 189 + 73 dynes s cm ^? (p <0.001). Heart 
rate increased from 78 + 21 to 82 + 24 beats/min (p = not significant 
[NS]), cardiac index from 2.0 + 0.37 to 3.2 + 0.59 liters/min per m? (p 
<0.001) and stroke index from 27.6 + 8.69 to 42.0 + 0.62 cc/m? (p 
<0.001). With prostacyclin, moreover, coldness of the limbs and face 
disappeared, and patients felt warmth and mild flushing of the face. After 
prostacyclin, plasma norepinephrine levels, renin activity and aldosterone 
concentrations rose from 824 + 375 to 880 + 468 pg/ml (NS), 0.68 + 1.36 
to 0.95 + 1.21 ng/ml per h (NS), and 6.64 + 2.50 to 6.38 + 2.88 ng/di 
(NS), respectively, while plasma epinephrine increased from 140 + 80 
to 250 + 154 pg/ml (p <0.025). 





Treatment of "pump failure" has traditionally involved use of inotropic 
agents to increase myocardial contractility and diuretic drugs to increase 
the excretion of water and salts. Recently, a variety of vasodilators that .. 
produce alterations in ventricular loading have been used in the treat- 
ment of severe congestive heart failure.! Nitroprusside has balanced 
effects on resistance and capacitance vessels and improves cardiac output _ 
while simultaneously relieving pulmonary congestion; it has therefore ^ 
‘become one of the more popular intravenous vasodilators. Although the - 
|. “acute clinical and hemodynamic i responses to nitroprusidea are ging 
 —. dramatic, some patients. do not respond. adequa ely. Moreoy i ec 
. . use of this agent in long-term management may 
n toxicity due to thea accu ula ee of f tion nate.! i 
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Diagnosis Daily Therapy 










Digoxin, furosemide 












IV CAD Digoxin, furosemide 
IV CAD Digoxin, furosemide 
iV CAD Digoxin, furosemide 
IV CAD Digoxin, furosemide 
IV CAD Digoxin, furosemide 
IV CAD Digoxin, furosemide 
IV CAD Digoxin, furosemide 
IV CAD Digoxin, furosemide 





-OAD ja coronary artery disease; F = female; M = male. 


- have symptoms of cardiac failure at rest while receiving dig- 
.; Malis and diuretic drugs. Patients 1 and 6 were refractory to 
us - nitroprusside therapy. To maintain a stable hemodynamic 
- state during evaluation, the usual morning dose of diuretic 
. . drugs was administered on the evening before the study and 
c the usual daily dose of digoxin was ingested on the morning 
b ofthe study. 
Uo. Prostacyclin therapy was offered to patients whose con- 
. — gestive heart failure could not be controlled by conventional 
_ treatment. The nature, potential benefits and possible risks 
-were fully explained to the patients, who then gave informed, 
NUM written consent. 
>> Hemodynamic studies: A thermodilution Swan-Ganz 
| cur ilow-directed, a balloon-tipped catheter (Edwards Labora- 
| tories) was inserted percutaneously by way of an internal 
^. jugular vein and advanced into the pulmonary artery. The 
|; A catheter was connected to a P23D Statham pressure trans- 
ducer positioned at the level of the mid axillary line with the 
patient supine. After the catheter was positioned, the patient 
rested for 1 hour before baseline data and blood samples were 
collected. Right atrial, mean pulmonary arterial, and pul- 
monary capillary wedge pressures were recorded with the 
Swan-Ganz catheter. Cardiac output was determined in 
triplicate with an Edwards 9520 A thermodilution computer. 

Arterial pressure was measured from an indwelling cannula 
. inserted into the brachial artery. The mean arterial pressure 
was derived electrically. Heart rate and rhythm were contin- 
.. uously recorded electrocardiographically. 
emodynamic indexes were calculated from pressure and 
ut data according to standard formulas: Systemic vas- 
lar resistance — (mean arterial pressure — right atrial 
. . pressure)/cardiac output X 80, pulmonary arteriolar resistance 
-= (mean pulmonary arterial pressure — pulmonary wedge 
pressure)/cardiac output X 80, pulmonary vascular resistance 
ean pulmonary arterial pressure/cardiac output X 80. 
etermination of plasma norepinephrine and epi- 





































ie concentration: Blood specimens were drawn for 
surement of plasma catecholamines, renin activity, and 
sterone concentration. Plasma catecholamines were 
determined by high performance liquid chromatography.® 

asma renin activity and aldosterone concentrations were 
ined by radioimmunoassay (CIS, France). Normal 
ma values are as follows: norepinephrine 232 + 15 pg/ml 
in + standard deviation), epinephrine 32 + 23 pg/ml, 













ine levels, plasma renin activity and plasma aldo- 


| ivity 0.5 to 2.1 n dada pet: h, aoe Vise i Pla ma. catecholamine. 







Prostacyclin ‘adiiintetration: On completio ; 
baseline Mg pei. oes was s administe 










ada per min, and ds donee was increa ! bs 
increments of 2 ng/kg per min every 10 minut 
systolic blood pressure was lowered by about 15 to 20 perce 
The mean constant flow rate of prostacyclin was 22 + 11 ng 
per min. After 1 hour of constant infusion, hemodynami 
variables and blood samples were again obtained. : 

Platelet aggregation measurement: Adenosine diphos- - 
phate-induced platelet aggregation was. measured before, | 
during and after prostacyclin infusion with a Lumi-Aggre- 5 
gometer (model 400, Chronolog Corporation). Blood (6.3 mb) 
was drawn into a plastic syringe with 3.8 percent sodium ci : 
trate (0.7 ml) as the anticoagulant agent. Samples were cen- 
trifuged in plastic tubes successively at 300 and 2,000 g for 15 _ 
minutes to collect, respectively, platelet-rich and platelet-poor _ 
plasma. Platelet-rich plasma was diluted with platelet-poor - 
plasma as needed to give a final platelet count of 300,000/mm?. 
Aggregation was induced in 0.45 ml aliquots of platelet-rich | 
plasma by the addition of 0.05 ml of adenosine diphosphate A 
in saline solution to give a final concentration of 6.8 uM. — 

Statistical analysis: All values are expressed as mean à 
standard deviation. The data were analyzed by the paired t 
test and analysis of variance. A probability (p) value of less. 
than 0.05 was considered significant. a 


Results 


No patient experienced chest discomfort or other. 
adverse reactions during or after prostacyclin infusion. | 
All patients had mild facial flushing and complained of — 
warmness of the limbs. Urinary volume increased. None - 
had phlebitis or necrosis of the vessels through which. 
prostacyclin was administered. - 

Hemodynamic effects: After prostacyclin admin- 
istration, the control heart rate of 78 + 21 beats/min 
increased to 82 + 24 (difference not significant [NS . 
and remained at this mildly elevated level through. the : 
study. Ventricular arrhythmia was not induced: . = 

Mean arterial pressure decreased with prostacyeli 
from 98.9 + 12.8 mm Hg to 76.2 + 7.0 (p <0.001) and - 
remained low during the study (Fig. 1A). The elevated - 
control pulmonary capillary wedge pressure of 21.0 +. 
7.9 mm Hg declined to 15.0 + 6.6 (p <0.001) (Fig 
1B). E b: 

The low control cardiac index of 2.0 + 0.37 liters/ : 
per m? increased to 3.2 + 0.59 (p <0.001) (Fig. 2). 
ilarly, the reduced control stroke index of 27.6 i8 
cc/m? increased to 42.0 + 0.62 (p «0.001. 

Systemic vascular resistance, pulmonary vascu 
resistance and pulmonary arteriolar resistance (dy: 
s cm~>) decreased, respectively, from 2,574 + 
1,368 + 283 (p <0.001), from 1,008 + 451 to 4 
(p «0.001) and from 330 + 111 to 189 + 73 
respectively, (Fig. 3). T : 
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Fh SURE. t Effects of Seance (PGil;) on mean arterial pressure (A) 
BS gnay capillary wedge pressure (B). C = control. 


iid (824 x 315 pg/ml versus 880 + 468, NS) (Fig. 
4). Plasma renin activity and plasma aldosterone con- 
centrations remained unchanged after prostacyclin 
administration (0.68 + 1.36 ng/ml per h versus 0.95 + 
1.21, 6.64 + 2.50 ng/dl versus 6.38 + 2.88, respectively) 
(Fig. 5). There were no significant correlations among 
baseline plasma values for renin activity, aldosterone 
and catecholamines and baseline hemodynamic vari- 
abies, nor was there any correlation with any of the 
hemodynamic responses to prostacyclin. After admin- 
_ istration of prostacyclin was stopped, the hemodynamic 
_ variables began to deteriorate within about 10 minutes 
| and returned to the contro! levels after 30 minutes. 
— . Platelet aggregation: During infusion of prostacy- 
- clin, adenosine diphosphate-induced platelet aggrega- 
_ tion decreased from 67 + 24 to 12 + 7 percent (p <0.05), 
_ but it returned to the control level (65 + 30) within 60 
minutes after prostacyclin infusion was terminated. 










Discussion 


lemodynathic effects of prostacyclin in con- 
gestive heart failure: Recently, the beneficial effects 
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FIGURE 2. Effects of prostacyclin (Pal) on cardiac index (A) and stroke 
index (B). 


of prostacyclin have been reported in experimental and 
clinical studies. In particular, reports have mentioned 
the preservation of the ischemic myocardium in the 
perfused cat heart,’ successful therapy of patients with 
arteriosclerosis obliterans,? prolonged atrial pacing time 
in angina? and successful hemodialysis using prosta- 
cyclin instead of heparin as the sole antithrombotic 
agent.’ The present study has shown that prostacyclin : 
can be used to improve the hemodynamic state in con- 
gestive heart failure. All patients studied had both 
clinical and hemodynamic evidence of severe congestive 
heart failure due to coronary artery disease. In each 
patient, prostacyclin infusion induced a significant re- 
duction in mean arterial pressure as pulmonary capil- 
lary wedge pressure decreased, and there were prompt 
decreases in pulmonary arteriolar resistance, pulmonary 
vascular resistance, and systemic vascular resistance, | 
with consequent increases in cardiac index and stroke | 
index. Thus this drug is effective in reducing both- 
ventricular preload and afterload, and its action seems . 
to be similar to that of nitroprusside. Whether prosta- 


cyelin has an inotropic effect on n the failing heart i is un- Ay 
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__ FIGURE 4. Effects of prostacyclin (PGl;) on plasma norepinephrine (A) 
E 2 and epinephrine levels (B). C = control, NS = not significant. 


T doin, but the hemodynamic improvement can be ex- 
plained by its known vasodilating action and resulting 
.. unloading effect. 
|. Slight increases in heart rate were observed in the 
. majority of patients during prostacyclin infusion. These 
.. increases might be of clinical significance if the drug 
-were used in patients with coronary artery disease and 
cc myocardial ischemia. However, the product of heart rate 
—— X arterial systolic pressure was not significantly altered 
by the present dosage of prostacyclin (11.4 + 4.2 X 107? 
. versus 9.5 + 3.7 X 107? units [NS]). Thus the observed 
_ hemodynamic improvement is achieved at no additional 
* oxygen cost to the heart. 
|... The elevated systemic vascular resistance in con- 
|. gestive heart failure is well recognized; however, the 
|J. mechanism remains unclear. Zelis and Mason? showed 
. that there are at least two major mechanisms producing 
.. alterations in the peripheral vasculature. The first is 
"^ augmented sympathetic activity, which produces ar- 
|. teriolar constriction and redistribution of blood flow. 
_ The second is a component of arteriolar stiffness. As the 
p third possibility, the activity of the renin-angiotensin 































. increased systemic vascular resistance in some pa- 
ents. 11 The mechanism of action of prostacyclin in 
ducing vasodilation under the vasoconstricted state 





ory abnormalities of congestive heart failure are 





' of plasma epinephrine and norepinephrine: 
congestive heart failure, there is an augmentation of 
ympathetic nervous activity reflected by an increase 
3 plasma norepinephrine levels.!?1? This augmentation 
s to play a compensatory role in the maintenance 
rdiac performance in the failing heart.!? Plasma 
e levels have. been reported to correlate 
i ] class! and to reflect the 
ostacyclin infusion, 
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FIGURE 5. Effects of prostacyclin (PGl;) on plasma renin activity (A) 
and plasma aldosterone concentration (B). 


824 + 375 to 880 + 468 pg/ml) (NS) and plasta ep 
nephrine significantly (from 140 + 80 to 250 + 154 
pg/ml) (p «0.05). These augmented catecholamines, _ 
especially epinephrine, may be responsible for the _ 
slightly increased heart rate. We compared the plasma _ 
norepinephrine and epinephrine levels during prosta- _ 
cyclin infusion in patients with congestive heart failure 
with those of seven apparently normal subjects. Ir 
normal persons, mean arterial pressure decreased from 
110 + 11to 96 + 9 mm Hg (p <0.05), and heart rate in- _ 
creased from 65 + 6 to 73 + 9 beats/min (p «0.05). 
Plasma norepinephrine and epinephrine levels rose _ 
from 252 + 65 to 347 + 111 pg/ml and from 58 + 60 to | 
70 + 43 pg/ml, respectively (p <0.05, for both) (un- — 
published data). In comparison with changes i in nor- | 
epinephrine levels in normal persons, changes in pa- _ 
tients with congestive heart failure were minimal. This _ 
discrepancy may be due to the presence in congestive 
heart failure of already elevated plasma norepinephrin A 
levels so that responses to increase plasma norepi 
nephrine further are diminished. ut 
It is not clear why plasma epinephrine, which was _ 
also elevated before prostacyclin infusions, increased... 
further after infusion. The mechanism of inducing in 
creases in plasma norepinephrine and epinephrine ma 
be different. There is depletion in norepinephri 
concentration in the myocardium of the failing hei 
which contrasts with the increased norepinephrine 
the plasma.!? Under such conditions, the failing ! 
becomes increasingly more dependent on extracard 
catecholamines to maintain its level of per ‘orm: 
Thus, when prostacyclin causes mechan 
Mon these increased d catecholamines, especially 
































eu eful in ne niani of acute Ehear failure 
acute myocardial infarction because of its platelet 
antinggregating properties. It is assumed that prosta- 


A, Massie BM, Chatteriee K. Vasodilator therapy for acute and 
>- Chronic heart failure. In: Yu PN, Goodwin JF, eds. Progress in 
-c Cardiology, Vol 8. Philadelphia: Lea & Febiger, 1979:197-234. 
:2. Moncada S, Korbut R, Bunting S, Vane JR. Prostacyclin is a cir- 
-` culating hormone. Nature 1678;273:767-8. 
.$. Moncada S, Gryglewski RJ, Bunting S, Vane JR. An enzyme 
|... isolated from arteries transforms prostagrandin endoperoxides to 
-» unstable substance that inhibits platelet aggregation. Nature 
5 71976,263:663-5. 
(0.4. Armstrong JM, Lattimer N, Moncada S, Vane JR. Comparison of 
| the vasodepressor effects of prostacyclin and 6-oxo-prostaglandin 
u o Fas with those of prostaglandin E in rats and rabbits. Br J Pharmacol 
(0 (1976;62: 125-36. 
. Szczeklik A, Nizankowski R, Skawinsk! S, Szczeklik J, Gluczko 
: P, Gryglewski RJ. Successful therapy of advanced arteriosclerosis 
2 obliterans with prostacyclin. Lancet 1979; 1:1111~4. 
.6. Bergman G, Daly K, Atkinson |, et al. Prostacyclin: haemodynamic 
and metabolic effects in patients with coronary artery disease. 
| Lancet 1981:2:569-72, 
* Zusman RM, Rubin RH, Caio AE, Cocchetto DH, Crow JW, 
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vvc Named our patel ILCU SKU 
preparation system Quik-Prep™ be- 
cause it makes prepping the patient 
faster. But one look at the traces on 
the right will tell you we could have 
named it Stable Baseline Prep. Both 
traces were from the same patient, 
the same day, with the same 
equipment. 
£ 

Consistently better 
ECG traces. 

Proper skin preparation is the 
key to stable baselines. And Quik- 
Prep is the key to proper skin 
preparation. 

Quik-Prep’s patented applicator 


Unp repped skin. 


Bruce Test Stage (4.2 MPH, 167 
Quik- Pri pped Skin. 
Bruce Test Stage 4 (4.2 MPH, 16% ¢ 


rade) 


A ALEIW C VAEIALIVJAERAL4. XA IVALRYMS 

Like the name says, s. Quik- 
Prep's fast. In most cases, ten elec- 
trodes can be prepped in less than 
three minutes. 

You save expensive technician 
time every test. And you won't 
waste either time or supplies repeat- 
ing tests because the skin wasn't 
properly prepped. That gives 
Quik-Prep a lower cost-in-use than 


most standard electrodes. 
We'd like to show you how 
Quik-Prep’s skin preparation sys- 
tem can give you better ECG traces, 
more efficiently. For a free demonst- 
ration, call Quinton at 1-800-426-0538 


pared so you get stable ECG baselines, 


rotates the center of a special pre-gelled or write us at 2121 Terry Ave., Seattle, 


silver-silver chloride electrode. By mea- test after test. WA 98121. 
suring the electrical impedance of the What's more, Quik-Prep won't (^w dnten 
skin electrode combination, it literally overabrade the skin , so your patients will QJM TII T 


have less pain/less anxiety, less trauma. | instrument co. 
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senses when the skin is properly pre- 











a heart disease. 





Treatment should correct the 
basic hemodynamic abnormality— 
increased peripheral resistance... 


Minipress affects the primary problem by 
reducing peripheral resistance—beta blockers 
work on the heart. 

Reducing cardiac output, as beta blockers 
do, without reversing the primary problem 
of increased peripheral resistance contributes 
to decreased renal blood flow and glomerular 
filtration rate. 

Minipress helps preserve organ perfusion 
while reducing cardiac afterload. And usually 
without producing reflex tachycardia. 

Because Minipress does not lower renal 
blood flow or glomerular filtration rate, it can 
be administered to patients with reduced 
renal function. A small percentage of patients 
have experiencedorthostatic hypotension 
and syncope. 





(prazosin upres mg5mg 


Effectively controls hypertension 
by reducing peripheral resistance 


€ 1982, Pfizer Inc. Please see Minipress Brief Summary on following page. 
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comprehensive study 
of...the most fascinating 


syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 
Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University of 
Tel Aviv—Sackler School of Medicine. 





ress 
DlaZOSIN HCl} ^ «memes 
B.LD. Dosage Convenience 








BRIEF SUMMARY 
MINIPRESS* (prazosia hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to moderate 
in activity. It can be used as the initial agent or it may be employed in a 
general treatment program in cenjunclion with a diuretic and/or other 
antihypertensive drugs as needed for proper patient response. 


WARNINGS: MINIPRESS mir hydrochloride) may cause 
syncope with sudden loss of consciousness. In most cases this is 
believed to be due to an excessive pum hypotensive effect, 
although occasionally the —— episode has been bpm bya 
bout of severe tachycardia heart rates of 120-160 beats per 
minute. Syncopal a have usually occurred within 30 to 
90 minutes of the initial dose of the drug; occasionally they have 
been ed in association with rapid dosage increases or the 
i of another eee drug into the regimen of a 
eye taking high doses of MINIPRESS (prazosin — A 
e n 


Wer ar nal dose ot r1. eene Every cardiologist, internist, pediatrician, surgeon—indeed, 
ring every physician —should have a good basic knowledge of 


the investigational phase of this drug suggest that al 
RU M MERO KE te Geran dnd cea the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


to 1 mg, by subsequently increasing the dos slowly, and by 
mg dl g age y 


introducing any a Sey ry " into the erent 
regimen with caution (see DOSAGE AND ADMINISTRATION). 
ape t trm inde LL o gia who are also _] V3 of all pre-excitation cases are misdiagnosed. 
If syncope occurs, the patient should be placed in the recumbent position O 5% to 1046 of all tachycardias in adults are produced by 
and empire alle is is ad A vp tg pm and pre-excitation. 
in most cases does not recur after the initia! period of therapy or during O in: , ^ ; 
n !/ of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 


subsequent dose titration. 
secondary to pre-excitation. 


Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride) The 2 and 5 mg capsules are not indicated for 

3 to 1? of all children with pre-excitation have an 
additional heart disease. 


initial therapy. 

More common than loss of consciousness are the symptoms often Lj] 

associaled with lowering of the blood pressure, namely, dizziness and 

po The patient should be cautioned about these possible 

adverse effects and advised what maasures to take should they develop. The i : > TW : : 

patient should also be cautioned to avoid situations where injury could result Starting with Wolff, Parkinson and White's classic paper, this 

should syncope occur during the initiation of MINIPRESS (prazosin beok gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors’ personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 

pathomechanism of pre-excitation. 


hydrochloride) therapy. 
Usage in Ati pant Although no teratogenic effects were seen in 

animal testing, the safely of MINIPRESS (prazosin hydrochloride) in 

pregnancy has nol been established. MINIPRESS (prazosin hydrochloride) is 

not recommended in pregnant women unless the potential benefit outweighs 

potential risk to mother and fetus. 

MT in Children: No clinical experience is available with the use of 

MINIPRESS (prazosin hydrochloride) in children. 

ADVERSE REACTIONS: The most common reactions associated with i . . , . . 

MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, What is offered richly in this book is a methodical and 

headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdom 

here which only time and experience can provide. The 

encyclopedic references alone would make the book 

invaluable to anyone seriously interested in the Wolff- 

Parkinson-White syndrome. But when knowledgeable 

discussion and personal observations are added, it is 


palpitations 5.3%, and nausea 4.9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no decrease 

genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 


in dose of drug. 
The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal 
relationships have not been established.) 
Thomas N. James, MD 
The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 





Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort 
and/or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus, alopecia, lichen planus 

Genitourinary: urinary frequency, incontinence, impotence, priapism. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion. 

Other: diaphoresis. 

Single reports of pigmentary molt'ing and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal ophthalmological 
findings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted accerding to the patient's individual blood 
pressure response. The following is a guide to its administration: 

Initial Dose: 1 mg two or three times a ay, (See Warnings.) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose 
of 20 mg given in divided doses. The therapeutic dosages most commonly 
employed ranged from 6 mg to 15 mg daily given in divided doses. 
Doses higher than 20 mg usually do not increase efficacy, however a few 
patients may benefit from further increases up to a daily dose of 40 mg given 
in divided doses. After initial titration some patients can be maintained 
adequately on a twice daily dosage reg men. 

e Other Drugs: When adding a diuretic or other antihypertensive 

agent, the dose of MINIPRESS (prazosin hydrochloride) should be reduced 
to 1 mg or 2 mg three times a day and retitration then carried out. 
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HOW SUPPLIED: MINIPRESS aan hydrochloride) is available in 1 mg | 
e #437) capsules in bottles of 250, 1000, | 
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lyORKE MEDICAL BOOKS, Box C-757,Brooklyn, NY 11205 | 


Please send me a copy of THE PRE-EXCITATION SYNDROME | 
at $38.00. I may use the book for 30 days and if not completely | 
satisfied, return it for full refund or credit. 


— Bill me plus cost of shipping. 
— Payment enclosed, publisher pays shipping. 
C Charge my credit card: |! MasterCard CJ Visa. 


(white #431), 2 mg (pink and wh Card No. Expire Date 
and unit dose institutional packages o! 100 (10 x 10's); and 5 mg (blue and 
while #438) capsules in bottles of 250, 500 and unit dose institutional 
packages of 100 (10 x 10's). NAME 
More detailed information available on request. 
ADDRESS 
New York residents add applicable sales tax. Countries outside Western Hemisphere add 


LABORATORIES DIVISION 


AJCH2 
PFIZER INC. | 


$5.00 per copy. 
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. Advancing 


Phased Array Ultrasound 
for the Mein Cardiologist 


—Major technology advancement 
now available in the 3400R. 

Rapid change in cardiac ultrasound has 
brought confusion, growth and uncer- 
tainty over the last six years. Technological 
change is continuing to bring innovation 
and improvements in image quality, 

image processing, digital M-mode, doppler 
and quantitation. 

Diasonics Cardio/ Imaging (formerly 
Varian Ultrasound) is proud to introduce 
a major new development. ..a develop- 
ment which brings order to change and an 
end to uncertainty ...a new concept in 
phased array ultrasound: System 
Modularity. 

This computer based modular phased 
array system and its unique modules 
bring to new and 
existing 3400R 
customers the ability 
to both purchase 
and to maintain a 
state-of-the-art sys- 
tem...a system that 
does not grow 
obsolete. 

Diasonics 
Cardio/Imaging's 
3400R is the proven | T 
leader in 2-D echo- t 
cardiography, and Tea 
has a long history 4 mw) 
of success...success i 
that is worthy of the j 
advancing cardiologist. The 3400R, an 
imaging system... 






It’s Where Imaging Is Going... 
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O 3400R Phased Array Systems 
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| O Cardio ReVue Center 
: Name 
Institution 
: CARDIO/IMAGING į nepanmem 
(formerly Varian Ultrasound) i Address 
For further information contact: Diasonics Cardio/Imaging p uy, State & Zip 

2341 South 2300 West Salt Lake City, Utah 84119 i Telephone 
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(800) 453-8412 or 453-8413 


EXERCISE 





This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 

Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 

physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

(J Various interpretations of exercise tests in the asymptomatic 

population 

The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to /ook it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 


For every professional with an 
interest in Exercise and the Heart. 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physica! Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


———————————————— —— 
Yorke Medical Books AJCH2 
Box C-757, Brooklyn, New York 11205 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($3800 plus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


C Full payment enclosed, publisher pays shipping. 
[ ] Please bill me, plus cost of shipping. 
(J Charge my credit card: C] MasterCard [J Visa. 
GAUGE ek Bulla Date i. 1 a ON 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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Cheerupalow cholesterol 
diet with Saffola. 


saffola margarine 
is perfect for your 
patients following a 
low-cholesterol diet. 

First of all, 
Saffola has no 
cholesterol. And it is 
higher in beneficial 
polyunsaturates 


NO CHOLES1 


Night, delicious Ravor 


hs 
- 


^ 


than corn oil margarine, even Fleischmann's or Mazola. 
But because Saffola margarine tastes great. It could 
mean the difference if your patient strays or stays on his diet. 


Absolutely no cholesterol and higher in beneficial polyunsaturates. 





Innovative 


Mechanical Sector Scanner 
for the Innovative Cardiologist 


An Innovation is the introduction of some- 
thing new. The combination of intelligent 
thought creatively applied with advanced 
technology produces positive change. 
You provide the first element of that equa- 
tion and Diasonics Cardio/Imaging (former- 
ly Varian Ultrasound) provides the second. 
Designed around a powerful main frame 
computer, the CardioVue 100 is the most 
technologically advanced mechanical sec- 
tor scanner available today. Designed to 
meet the imaging requirements of the 
most demanding cardiologist, the Cardio- 
Vue 100 is the only mechanical sector 
imaging system of modular design that 
offers both simultaneous real-time M-mode 
and steerable simultaneous pulsed and 
continuous wave doppler. Compact, light- 
weight, and easy to use, the CardioVue 100 
has been designed to succeed in meeting 
a wide variety of 
applications includ- 
ing cardiac small 
parts, peripheral 
vascular and neo- 
natal imaging. 
Diasonics has 
built its reputation 
on delivering the 
best images in real- 
time ultrasound, and 
we further enhance 
that reputation with 
the CardioVue 100. 
Clearly, the 
CardioVue 100 
imaging system is an innovation that 
anticipates the future of cardiology... 
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2341 South 2300 West Salt Lake City, Utah 84119 
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The American College of Clinical Pharmacology 
announces an International Symposium 






Calcium Antagonists: 
The State of the Art and 
Role In Cardiovascular Disease 








to be presented on 
October 4-5, 1982 
at 
The College of Physicians of Philadelphia 
19 South 22nd Street 
Philadelphia, PA 19103 









Program to include 
* The Physiological Roles of Calcium and Slow Channels. 
* Basic Pharmacology of Calcium Antagonists: Effects on 
Organs and Organ Systems. 
Pharmacology and Clinical Pharmacology of Specific 
Agents. 
Current and Future Clinical Uses. 
Panel and Open Discussions. 
Distinguished Faculty of Investigators, Practitioners & 
Scientists. 

























For complete program content and registration forms write 
to: 





Calcium Antagonists Symposium 
American College of Clinical Pharmacology 
19 South 22nd Street, Philadelphia, PA 19103 





The National Kidney Foundation, the U.S. Dept. of Health & Human 
Services, and the International Life Sciences Institute (ILSI) are 
co-sponsoring a symposium on ‘‘Nutrition and Blood Pressure 
Control," at Stouffer's National Center Hotel, Arlington, VA, Sept. 
13-15, 1982. For details and registration forms, please contact: ILSI, 
Suite 600, 900 17th St., NW, Washington, D.C. 20006, ph. 202/ 
659-0074. 


CARDIOLOGIST — Board eligible or certified Cardiologist 
for association with four-member cardiology section within 
90 member multispecialty group practice on Gulf Coast. All 
invasive, noninvasive diagnostic and therapeutic modalities 
available with active cardiovascular surgery program. The 
new associate should have university training or, ideally, an 
.academic background or prior practice experience; also, 
have invasive and noninvasive capabilities, experience or 
interests in coronary angioplasty and asset. Must also have 
or be eligible for a Florida license. Write with C.V. to Chief, 
Cardiology Section, The Medical Center Clinic, Pensacola, 
FL 32504. 











$75 per column inch 


Minimum one column 
inch (3%” x 1") 


DEADLINE: 


1st of month preceding 
publication date. 
Typesetting requires 
additional week. 


FREQUENCY: 


Monthly 


CONTACT: 


Margie Hisen 

YORKE MEDICAL GROUP 
875 Third Avenue 

New York, NY 10022 
212-605-9623 





CUTIS * THE AMERICAN JOURNAL 
OF CARDIOLOGY * THE AMERICAN 
JOURNAL OF MEDICINE € THE AMER- 
ICAN JOURNAL OF SURGERY 


Technical Publishing 


acompany of 
Dun & Bradstrect Corporation 


. Responsive 





(formerly Varian Ultrasound) 

For further information contact: Diasonics Cardio/Imaging 
23ál South 2300 West Salt Lake City, Utah 84119 

(800) 453-8412 or 453-8413 


Cardio/ REVUE CENTER 
for the Responsive Cardiologist 


—A computer based review station 
dedicated to cardiac analysis. 
Anyone who is really successful is re- 
sponsive to those whom he serves. No- 
where is this more true than in cardiology. 
New ideas, products and developments 
occur almost daily it seems. 

Diasonics Cardio/Imaging's REVUE 
CENTER is a system developed in response 
to the quantitative analysis requirements 
of the busy cardiologist. 

The Cardio/REVUE CENTER provides 
advanced methods of analyzing ultrasound 
images of the heart. Specifically configured 
and programmable for quantitative analysis, 
the Cardio/REVUE CENTER offers distinc- 
tive advantages such as digital acquisition 
of video data; archive video tape storage; 
calculation and display of critical heart 
parameters; graphics display and printing. 

The Cardio/REVUE CENTER is an 
analysis system which is easily expanded 
or updated, with all 
operating programs 
on floppy disc. This 
compact system 
allows for ease of 
mobility while pro- 
viding the cardiolo- 
gist uninterrupted 
case review of 2-D 
and M-mode studies. 

Clearly, the 
Cardio/ REVUE 
CENTER is respon- 
sive to the quanti- 3 
tative requirements 
of the clinical 
cardiologist and the future of cardiology... 
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Ativan: Accumulation to steady state 


extends for only 2-3 days. 
No active metabolites. 


OeCQU 


its shorter acting, 
with less accumulation” 


in contrastto long-acting benzodiazepines, Ativan has 
a short, 12-hour half-life, and no active metabolites. In 
multiple-dose therapy, Ativan accumulates for only 2 
to 3days before reaching steady state; the long-acting 
benzodiazepines—diazepam CIV, chlordiazepoxide 
CIV, clorazepate CIV and prazepam CIV—with their 
active metabolites accumulate for as long as 20 days, 
increasing the likelihood of excessive sedation. 


1. Klotz U, Reimann I: N Engl J Med 302:1012-1014, 1980 

2. Desmond PV, Patwardhan RV. Schenker S, et al: Ann Intern Med 93:266-268, 1980 

3. Patwardhan RV. Yarborough GW, Desmond PV, et al: Gastroenterology 79:912-916, 1980 

4. Sellers EM, Naranjo CA, Peachey JE: N Eng! J Med 305:1255-1262, 1981 

5. Ruffalo RL, Thompson JF, Segal JL: South Med J 74:1075-1078, 1981 

*Pharmacokinetics cannc! as yet be directly related to efficacy 

'Allbenzodiazepines produce additive effects when given with CNS depressants such as barbiturates or alcohol 
Copyright © 1982. Wyeth . aboratories. All rights reserved 


Ativan: 


Agen| 





it doesnt interact with 
drugs metabolized by 


PASO microsomal enzyme 


Most benzodiazepines undergo oxidative metaboli: 
and thus utilize the hepatic microsomal enzyme 
system. Ativan (lorazepam), however, is metabolize 
by glucuronidation and does not compete with othe 
drugs for cytochrome P450. Thus, when Ativanis 
given with Tagameft® (cimetidine), for example, 
clearance is not delayed, nor sedation increased'- 
unlike reported observations with patients on other 
benzodiazepines.'* 








it gives you oreoter 
ontrol of therapy 


he short half-life of Ativan® facilitates more rapid 
esponse to dosage adjustments, allowing you to 
itrate therapy to patients’ changing needs. Also, once 
ou decide to discontinue Ativan, it will be out of your 
patient's system 4 days after the final dose—in 

ontrast to long-acting benzodiazepines and their 
active metabolites which take as much as 2 weeks to 
be totally eliminated. 
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Indications and Usage: Management of anxiety disorders or short-term relief of symptoms of 
anxiety or anxiety associated with depressive symptoms. Anxiety or tension associated with 
stress of everyday life usually does not require treatment with an anxiolytic. 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- - 


acting drugs, warn patients not to operate machinery or motor vehicles, and of diminished tol- 
erance for alcohol and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prene individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when en benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: in depression accompanying anxiety, consider possibility for suicide. 

For eiderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation. Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may 
result in symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and 
occasional convulsions. Observe usual precautions with impaired renal or hepatic function. 
Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent. Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg/kg/day. No effect dose was 1.25mg/kg/day (about 6 times maximum human therapeutic 
dose of 10mg/ day). Effect was reversible only when treatment was withdrawn within 2 months 
of first observation. Clinical significance is unknown; but use of lorazepam for prolonged 
periods and in geriatrics requires caution and frequent monitoring for symptoms of upper G.I. 
disease. Safety and effectiveness in children under 12 years have not been established. 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
etfects when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal matformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy shculd be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. In 
humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam and its 
glucuronide. 


NURSING MOTHERS: It is nct known if oral lorazepam is excreted in human milk like other 


_ benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 


many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication cr on decreasing dose. In a sample of about 3,500 anxious 
patients, most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
weakness (4.296) and unsteaciness (3.496). Less frequent are disorientation, depression, nau- 
sea, change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 

Overdosage: in management of overdosage with any drug, bear in mind multiple agents may 
have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing vital signs and close observation. Hypotension, though unlikely, usually may be controllec 
with Levarterenol Bitartrate Injection J.S.P. Usefulness of dialysis has not been determined. 
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Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasinc 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 


may vary from 1 to 10mg/day in divided doses. For elderly or debili- 


tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 
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CARDIOLOGIST WANTED, with training in invasive and 
noninvasive procedures, Great Lakes Region. Attractive 
salary with potential partnership in two years. Please send 
curriculum vitae and names of references to: Box 215, The 
American Journal of Cardiology, 875 Third Ave., New York, 
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Left ventricular systolic function is an important determinant of long-term 
prognosis in patients with chronic aortic regurgitation. Data from several 
centers, using invasive and noninvasive assessment of left ventricular 
function, indicate that long-term postoperative survival is excellent, even 
in symptomatic patients, if preoperative left ventricular systolic function 
is normal. The long-term postoperative results are significantly worse in 
symptomatic patients with preoperative left ventricular systolic dys- 
function, many of whom appear to have irreversible left ventricular failure 
before the onset of symptoms and are at a risk of late postoperative death 
from congestive heart failure. However, within this high risk subgroup 
long-term prognosis is excellent for patients, despite left ventricular 
dysfunction, if preoperative exercise capacity is preserved. In these pa- 
tients, left ventricular dysfunction is likely to be reversible after operation. 
Hence, all patients with left ventricular dysfunction at rest should undergo 
aortic valve replacement, even if severe symptoms and deterioration in 
exercise tolerance have not developed. Once exercise tolerance becomes 
limited in such patients, the likelihood of irreversible left ventricular 
dysfunction is increased, and long-term postoperative survival is threat- 
ened. : 


Determining the optimal time for operative treatment of chronic aortic 
regurgitation has been for years a perplexing problem in clinical cardi- 
ology. Despite substantial volume load on the left ventricle, patients with 
aortic regurgitation may remain asymptomatic for prolonged periods.!- 
However, once symptoms of dyspnea, angina, presyncope or syncope 
develop, the time course of events in patients not operated on is often 
quite rapid, and average survival time is only 3 to 5 years.'^^ Hence, most 
clinicians agree that severely symptomatic patients with aortic regurg- 
itation should undergo valve replacement. In contrast, there is no con- 
sensus regarding the role of operation in patients with minimal or no 
symptoms. The physician is faced with a management dilemma. To 
perform valve replacement in all asymptomatic patients would subject. 
many to the inherent risks of operation and of prosthetic heart valves,® 
when they might otherwise remain symptom-free for many years. Yet 
when severe symptoms are used as the only indication for aortic valve 
replacement, long-term post operative results are often disap- 
pointing. 


Long-Term Survival After Aortic Valve Replacement 


The results of operation for aortic regurgitation at our institution from 
1963 to 19717 and from 1972 to 1978 are illustrated in Figure 1. During 
these time periods, aortic valve replacement was performed only after 
a patient had symptoms of angina, syncope or near syncope, overt evi- 
dence of left ventricular failure (paroxysmal nocturnal dyspnea or or- 
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| TIME FOLLOWING OPERATION IN YEARS 


URE 1. Survival after aortic valve replacement for consecutive 
) tomatic patients with aortic regurgitation at the National Institutes 
Health from 1963 to 197 17 (88 patients) and from 1972 to 1978 (71 
atients). Numbers in parentheses indicate the number undergoing 
paration during each period. 








ihopnea), or dyspnea (if dyspnea was severe enough to 
iterfere importantly with the quality of life). With this 
pproach from 1963 to 1971, the 1 year postoperative 
survival rate was only 60 percent, and the 4 year survival 
rate 50 percent. 1 
_ This experience was comparable with that reported 
from many centers during this same period,®-17 with 5 
ear postoperative survival rate ranging from 44 to 70 
rcent. From 1972 to 1978, operative mortality (6 
percent) and early postoperative survival (85 percent 
1 years) rates at our institution were improved over 
ates i in the. previous decade, presumably reflecting 
ovements in operative techniques,!9-?! perioper- 
atient. care and prosthetic valve design.19.17.22.23 
, similar to the experience at many cen- 
229-28 the 4 year survival rate (63 percent) was 
tly better than that achieved during the period 
63 to 1971. These results are significantly worse 
the long-term results of valve replacement in 
omatic patients with aortic stenosis, !8:22.24.25.29-33 
', 18 percent of the late postoperative deaths 
ortic regurgitation patients (defined as death 
ig after the first postoperative month) were re- 
chronic congestive heart failure.’ 
y that the long-standing volume overload in 
nts led to irreversible left ventricular dys- 
before or coincident with the onset of preop- 
iptoms. Hence, it is essential to define pre- 
ors at are ndi patients 
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TIME FOLLOWING OPERATION IN YEARS 


FIGURE 2. Survival after cperation for aortic regurgitation from 1972 : 8 
to 1978. Patients (Pts) are subgrouped on the basis of preoperative 
echocardiographic left ventricular fractional shortening (LVFS). 


carried out. Recent studies from several centers, many 
using noninvasive assessment of left ventricular func- 
tion, have contributed important information relevant 
to this issue. On the basis of the data obtained from 
symptomatic and asymptomatic patients, a more ra- 
tional strategy for defining the proper timing of oper- 
ation in patients with aortic regurgitation has 
evolved. 


Results of Valve Replacement in 
Symptomatic Patients 


Left Ventricular Function at Rest 


Impaired systolic function: Ejection phase indexes | 
of left ventricular performance, such as mean velocity | 
of circumferential fiber shortening, percent shortening 
of the minor diameter of the left ventricle (fractional. 
shortening) and ejection fraction, are useful in detecting 
impaired function in patients with aortic regurgita- 
tion.?4-?7 The normal response of the left ventricle to - 
chronic volume overload is chamber dilation associated 
with normal extent of systolic wall shortening per un i 
of circumference, and hence with normal ejection - 
fraction.?^37 Many studies have demonstrated that the _ 
majority of symptomatic patients at risk of death from.. 
congestive heart failure after operation have impaired a 
systolic function before operation. Patients with sub- — 
normal preoperative ejection fraction, determined by. - 
contrast angiography, have a significantly worse. lat 
postoperative prognosis than that of patients wi 
normal ejection fraction.?2.28,38-46 Preoperativ 
ar fractional n assessed 5 ponin /as- 













oW Pts with LVDISI € 55 mm 


Pts with LVDS} » 55 mm 


| ventricula 





TIME FOLLOWING OPERATION IN YEARS 


FIGURE 3. Survival after operation for aortic regurgitation from 1972 
-' to 1978. Patients are subgrouped on the basis of preoperative echo- 
^ cardiographic left ventricular dimension at end-systole (LVD(S)). 



















» shortening have had diminished long-term survival 
~ compared with that of patients with normal fractional 
shortening, with a 3 year survival rate of 62 percent 
compared with 91 percent (Fig. 2). In addition, every 
. patient who died after operation from chronic conges- 
- s tive heart failure had subnormal fractional shortening 
| .« before operation." In patients with severely depressed 
preoperative fractional shortening (25 percent or less), 
the 3 year postoperative survival rate was only 42 per- 
|. cent. Comparable data were reported in the series of 
" Cunha et al,4! in which the 4 year survival rate was 77 
percent in patients with a preoperative fractional 
shortening value of 30 percent or less, compared with 
. 96 percent in patients with a fractional shortening value 
greater than 30 percent. 
Echocardiographic left ventricular systolic di- 
mensions: The preoperative echocardiographic left 
—. ventricular transverse dimension at end-systole has also 
| been sensitive in identifying symptomatic patients at 
. . high risk of late postoperative death. We*’ and Cunha 
| et al*! noted significantly greater preoperative left 
-. ventricular systolic dimensions in patients who died 
— . after operation than in long-term survivors. In our se- 
^- ries," patients with a left ventricular systolic dimension 
| — of 55 mm or greater had a significantly reduced long- 
|. term survival time than patients with a smaller systolic 
dimension (Fig. 3). The prognostic implications of the 
echocardiographic end-systolic dimension have been 
-- corroborated by the angiographic study of Borow et 
.. al,? in which the results of valve replacement were poor 
in patients with greatly increased preoperative end- 
systolic volume (more than 90 ml/m?). These data are 
compatible with the findings of Grossman et al.*? that 
end-systolic volume can be employed to characterize the 
itractile state of the left ventricle and to subgroup 
ients according to their ventricular function. 
'ardiographie left ventricular end-diastolic 

















Pr ion: The ESL echocardiographic oe demonstrated. ie nha a et ot al 


dies could not be qur md hecate. of iba $8 
number of patients in each series. Stone et al.*9 obse) 
that the preoperative end-diastolic dimension signi 
cantly predicted (but less well than the left ventric 
fractional shortening) postoperative symptoms 
reversibility of ventricular dilation. | v 
End-diastolic radius to wall thickness ratio (i 
creased wall stress): The prognostic informatio 





may be further refined by conaideritur the degree 0 


compensatory hypertrophy. Thus, Gaasch et a 


demonstrated that the preoperative ratio of enda | 
stolic radius to wall thickness, an index of the left ven- 
tricular volume to mass ratio and a measure of the de- 
gree to which left ventricular muscle mass is appropriate 
for a given chamber volume,*-4° was a strong echocar- 
diographic predictor of whether or not regression. of 
dilation and hypertrophy occurred postoperatively. h 
Patients with a normal preoperative end-diastolic ra- 
dius to wall thickness ratio had significant regression. 
of left ventricular volume and mass after operation, 
whereas those with an increased ratio (4.0 or greater, 
reflecting inadequate hypertrophy and increased wa 
stress, had persistent left ventricular dilation and co 
gestive heart failure. Kumpuris et al.°° found thai 
preoperative end-diastolic radius to wall thickness 
mean wall stress and end-systolic wall stress all 
icantly correlated with postoperative regression 
ventricular dilation. T'hus, in response to left ven 
dilation and increased wall stress, myocardial | 
trophy develops, thereby normalizing wall stres 
however, in some patients with chronic se 
ventricular volume overload, dilation may | 
without appropriate hypertrophy, resulting in 
wall stress and the likelihood of irreversible lef 
tricular dysfunction.4450-5254-56 Such patients 
to have a poor postoperative prognosis. R 
Although analysis of left ventricular wall stre 
vides an important conceptual integration o 
tricular dilation, hypertrophy and contracti 
impaired long-term postoper ive surviv 
with elevated preoperative walls 
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s ino i of poor prognosis; PO 
left ventricular end-diastolic dimension, this 
ppears to be very insensitive in identifying the 
of patients at risk. 

stoperative left ventricular end-diastolic di- 
mension: Despite the limited prognostic value of the 
preoperative left ventricular end-diastolic dimension, 
this echocardiographic measurement has considerable 
prognostic value postoperatively. We demonstrated that 
persistent left ventricular dilation (postoperative dia- 
stolic dimensions of 70 mm or greater) identified pa- 
tients at risk of subsequent death from congestive heart 
failure.” Both Gaasch et al.** and Clark et al.45 also 
observed a large incidence of congestive heart failure in 
patients with a postoperative diastolic dimension of 70 
mm or greater. These data support earlier observations 
that failure of the cardiothoracic ratio on chest X-ray 
film to decrease after aortic valve replacement is asso- 
ciated with poor subsequent prognosis.’ Several echo- 
cardiographic studies have shown that in patients who 
manifest a postoperative reduction in left ventricular 
nd-diastolic dimension, this reduction usually occurs 
within the first 2 weeks to 2 months after opera- 
iion?74453,5758 with little further change between 2 
weeks. and late follow-up evaluation (up to 63 months 
postoperatively) .27.44.53 

several echocardiographic studies have shown that 
regression of left ventricular dilation is predicted by 
preoperative end-systolic dimension and fractional 
ortening.?^494650 Moreover, the contrast angio- 
graphic study of Borow et al.4? and the radionuclide 
raphic study of Boucher et al.59 both demon- 
hat the left ventricular end-systolic volume was 
ongest preoperative predictor of postoperative 
diastolic volume and left ventricular contractile 













































s, in symptomatic patients undergoing valve 
ment for aortic regurgitation, postoperative 
postoperative congestive heart failure and 
rative reversal of left ventricular dilation can 
d on the basis of preoperative left ventricular 
| tion, systolic size and systolic wall stress, 
analysis can be performed with noninvasive 
s. These noninvasive indexes have been more 
an preoperative hemodynamic variables in 
patients at risk.?’ In addition to identifying 
1 à high risk of dying late postoperatively 
art fail : re, echocardiographic anal- 

ibgroup of symptomatic patients 
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Left Ventricular Function During Exercise 


Although the majority of symptomatic patients with 
aortic regurgitation who die from congestive heart 
failure after aortic valve replacement have noninvasive 
evidence before operation of left ventricular systolic. 
dysfunction at rest,?^4! we® have also observed many 
patients with impaired preoperative function who have 
done well after operation. Thus left ventricular systolic 
dysfunction at rest is a sensitive means of detecting 
patients at risk, but it is not specific. Moreover, im- 
provement and even normalization of left ventricular. 
systolic function frequently occur in patients after op- 
eration despite severe depression of systolic function 
before operation.2526:37,44,53,60-63 

Radionuclide angiography during exercise: In an 
effort to refine the prognostic implications of left ven- 
tricular systolic function at rest, we evaluated left 
ventricular function during exercise using radionuclide 
angiography. These studies demonstrated that the 
majority of symptomatic patients, many of whom had 
a normal left ventricular ejection fraction at rest, had 
an abnormal ejection fraction response during maximal . 
supine exercise, with either no change or a decrease in 
the ejection fraction compared with the resting value.94 
However, the prognostic importance of this abnormal 
exercise response is uncertain. Át present, there is no 
level of exercise eiection fraction in symptomatic pa- 
tients that is clearly associated with either a diminished 
postoperative survival or irreversible left ventricular . 
dysfunction.995? Instead, there is growing evidence that | 
exercise-induced left ventricular dysfunction in 
symptomatic patients is often reversible after operation. 
In a consecutive series of symptomatic patients with 
aortic regurgitation undergoing operation from 1976 to 
1980 and studied 6 months after operation (Fig. 4), the 
postoperative left ventricular ejection fraction during 
exercise was larger than the preoperative exercise value . 
in 93 percent of patients. À normal exercise ejection 
fraction (55 percent or greater) was observed in 40 ` 
percent of patients with a subnormal preoperative l 
value. Neither the value of the postoperative exercise 
ejection fraction nor the change in exercise ejection - 
fraction from before to after operation was predicted by 
the preoperative exercise ejection fraction. 

Maximal graded treadmill exercise test: In con- 
trast to the exercise ejection fraction, the exercise ca- 
pacity, determined by maximal graded treadmill exer- 
cise testing, is valuable in the assessment of the symp- — 
tomatic patient with left ventricular dysfunction by- 
further enhancing the ability | to predict postoperative | 
survival ud Exercise tapacityii is used rie on da as san index 
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FIGURE 4. Change in left ventricular ejection fraction during exercise 
rom: before (Preop) to. after (Postop) valve replacement in 43 con- 

ve symptomatic patients undergoing operation between 1976 
and 1980. Large circles with horizontal bars indicate mean values. The 
lashed line at 55 percent indicates the lower limit of normal. 


— ^ York Heart Association functional class. In our series, 5? 


* exercise capacity did not correlate with resting left 


<- ventricular end-systolic dimension or fractional short- 


ening by echocardiography, or with left ventricular 


"a -ejection fraction at rest or during exercise by radionu- 
= clide angiography. Similarly, McDonald? demonstrated 
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2 "mo of symptoms: 3866 7 He 
p appears t to be an ds eras 


subnormal left ventriculi fractional hos ai 
an excellent long-term prognosis despite left vent 
dysfunction if exercise capacity is preserve 


and impaired exercise | capacity are at roe 
risk, with a 3 year survival rate of approximately £ 
percent and a 4 year survival rate of less than 40 percen 
These results are supported by the data of Gre eS | 
al.28 and Cunha et al.,*! demonstrating improved | 
postoperative survival in patients with left ventrict 
dysfunction who were in functional class I to H bi 
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3 ster! operation from 1972 to 1978 in 32 patients with subnormal preoperative left ventricular fractional shortening, subgreuped. T 
erative exercise capacity (combined analysis of the data in Figs. 2 and 4). Numbers in italics indicate patients at risk at sach. E 
di duced from Bonow et al.9? with permission of the American Heart Association, Inc.) ml 







operation compared with that of patients with a similar 


degree of left ventricular dysfunction in functional class j 
IH to IV. 


Reversibility of Left Ventricular Dysfunction 


Preoperative exercise capacity in symptomatic pa- 
tients is also helpful in predicting the reversibility of left 
ventricular dysfunction.9? Patients with good exercise 
capacity before operation have a greater reduction in | 
echocardiographic left ventricular end-diastolic di- vu 
mension after operation than patients with poorexer- > 
cise capacity (Fig. 7). The reduction in end- -diastolic — | 
dimension is critical, as discussed previously, since 
persistent left ventricular dilation after operation 
related to postoperative congestive heart failure and 
subsequent late postoperative death.27.44.45 Moreover, - 
patients with good exercise capacity before operation — 
have a significantly higher postoperative left ventricular 1 
ejection fraction, both at rest and during exercise, than ee 
do patients with poor exercise capacity (Fig. 8). Few 
patients with a subnormal ejection fraction and. poor 
exercise capacity before operation achieve a. normal 
ejection fraction postoperatively; in contrast, the ma- _ 
jority of patients with a subnormal ejection fraction yet. 
good exercise capacity achieve a normal ejection fraction = 
postoperatively. Thus in. symptomatic patients, the "ud 
exercise capacity rather than the ejection fraction aids: cm 
is im predicting the postoperative reversibility of left dn 
of PREOPERATIVE EXERCISE DURATION ventricular systolic dysfunction. 2 


»chocardiographic left ventricular end-diastolic 
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d IGURE 8. Cga in left ventricular ejection fraction from before (Preop) to 6 months after (Postop) operation in symptormiálic pàtlen 
- on between 1976 and 1981, subgrouped on the basis of preoperative exercise capacity. Dashed lines indicate the lower limit of normal f 
fraction at rest (45 percent) and during exercise (55 percent). (Updated from Bonow et al.9? with permission of the American Heart Association 
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‘OPERATION FOR AORTIC REGURGITATION—BONOW ET AL. 


testing, such as serial echocardiographic assessment of 


left ventricular systolic size and function, might be 


useful in detecting asymptomatic patients with ven- 
tricular dysfunction who might benefit from early op- 
erative intervention. However, before recommending 
operation in such patients it is essential to understand 


. the time course of changes in echocardiographic mea- 
. surements and symptomatic status that occur during 


the natural history of asymptomatic patients with aortic 


regurgitation. If asymptomatic patients with echocar- 


diographic evidence of left ventricular dysfunction re- 

main asymptomatic for 10 to 15 years, a “prophylactic” 

operation would not be warranted. 
Echocardiographic evidence of left ventricular 


systolic dysfunction: Two recent studies present data 


relevant to this issue: a report from the National Insti- 
tutes of Health?! of 37 initially asymptomatic patients 
and a report by McDonald and Jelinek?? of 13 initially 
asymptomatic patients. Of the 50 patients in these 
combined series, 13 patients reproducibly manifested 
a left ventricular end-systolic dimension greater than 
55 mm, and 18 patients had fractional shortening of less 
than 29 percent. A life-table analysis of these patients, 
using the development of symptoms as an end point, 
indicates that only 33 percent or less of patients re- 
mained asymptomatic at 3 years (Fig. 9). These data 


-= suggest that when asymptomatic patients manifest 


echocardiographic evidence of left ventricular systolic 
dysfunction, in two thirds or more symptoms develop 
and operation is required within only 2 to 3 years. Be- 


— cause these are now symptomatic patients with de- 


pressed systolic function, they will undergo operation 


| _ with a high risk of irreversible myocardial dysfunction 


——— 
= 


and death during the subsequent postoperative period. 
Because the time course between left ventricular dys- 


— function and symptoms is relatively short, it appears 
reasonable to consider operative intervention in all 


asymptomatic patients with left ventricular systolic 


- dysfunction,?740.6162,7,73 before the onset of symp- 


tomatic deterioration. This conclusion is substantiated 


— by the observations that asymptomatic patients with 
. preoperative left ventricular dysfunction have improved 


late postoperative survival compared with that of se- 


; verely symptomatic patients,?*^! and that patients with 
— good exercise tolerance have improved survival com- 


pared with that of patients with poor exercise toler- 
ance.650 

Limitations of echocardiographic measurements: 
The decision for operation cannot be based on a single 


. echocardiographic measurement alone. Echocardio- 


ELA 


graphic left ventricular dimensions and fractional 
shortening may correlate well with angiographic volume 
data in patients with a normal or mildly dilated ven- 


- tricle,/^ 7? but appear to be less accurate in the setting 


of aortic regurgitation and severe left ventricular dila- 
tion.*!-9*? As the left ventricle progressively dilates, and 
especially as contractile function deteriorates, the 
ventricular cavity changes from an ellipsoid to a more 
spherical shape,??27-53 abnormal apex to base 


- shortening occurs’?:54-87 and regional contraction ab- 


normalities may develop,/?94-57 thereby limiting M 
mode echocardiographic assessment of global left ven- 


tricular systolic volume and systolic function. However, 
in a severely dilated ventricle, echocardiography ap- 
pears to consistently underestimate ventricular di- 
mensions and overestimate fractional shortening, 
compared with angiographic indexes, thus suggesting 
that left ventricular dysfunction may actually be more 
severe than that estimated by the echocardio- 
gram. 72,79,80,88 

Reproducibility of echocardiographic measurements 
is another potential difficulty. Minor changes in pa- 
tient position and transducer angulation may cause 
significant errors in measurement of left ventricular 
dimensions in patients with ventricular dilation, al- 
though the calculated fractional shortening is less 
variable.’® Both McDonald and Jelinek”? and Clark et 
al.4° observed that serial echocardiography could detect 
declining ventricular function in asymptomatic pa- 
tients; these changes correlated closely with clinical 
deterioration. Reproducibility was limited in individual 
patients in the series of McDonald and Jelinek. How- 
ever, in the series of Clark et al. left ventricular systolic 
dimension, diastolic dimension and fractional short- 
ening proved to be both reproducible and valuable in 
documenting this deterioration. At any institution there 
will be some patients in whom serial echocardiographic 
studies are technically inadequate or poorly reproduc- 
ible. In such patients, ejection fractions determined by 
serial radionuclide ventriculography, an index inde- 
pendent of mathematical formulations of left ventric- 
ular geometry, should depict more accurately changes 
in left ventricular function at rest than does echocar- 
diography. 


Left Ventricular Function During Exercise 


Ejection fraction response to exercise: Because 
left ventricular systolic function at rest is a sensitive 
predictor of long-term prognosis in patients with aortic 
regurgitation, determination of systolic function during 
stress may detect early, reversible myocardial dys- 
function before it is evident at rest. Such assessment 
might be useful in selecting asymptomatic patients for 
operation before irreversible dysfunction devel- 
ops.?99559 Bolen et al.?? identified a subgroup of pa- 
tients with normal resting ejection fraction that de- 
creased during angiotensin infusion; these patients had 
a larger regurgitant fraction and end-diastolic volume 
than did patients whose ejection fraction was main- 
tained. Thus patients who manifest left ventricular 
dysfunction during this intervention appear to be those 
who have reached their limit of preload reserve*® and 
are unable to compensate for any further increase in 
afterload. The prognostic significance of this abnormal 
response is unknown. Studies during supine exercise 
have indicated that two thirds of asymptomatic patients 
with a normal resting ejection fraction have abnormal 
ejection fraction responses during exercise.®* Thus an 
abnormal ejection fraction during exercise precedes 
symptoms and precedes left ventricular systolic dys- 
function at rest in many patients. However, although . 
an abnormal ejection fraction response to exercise may 
represent early, reversible myocardial dysfunction in 
some asymptomatic patients, the decision to proceed 
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with operation should not be based on the ejection 
fraction response to exercise alone. 

Prognostic value: During exercise in patients with 
aortic regurgitation, there is a reduction in regurgitant 
volume?9?! and variable changes in both end-diastolic 
and end-systolic left ventricular volumes (and hence in 
ejection fraction).9*9? These volume changes are greatly 
influenced by the complex interaction of changes in 
heart rate, preload and afterload,?997.59,95.94 which in 
turn are undoubtedly dependent on the severity and 
type of exercise. Thus reduction in ejection fraction 
during exercise may represent the unmasking of early 
myocardial dysfunction in some patients, but may also 
represent in other patients sudden perturbation in the 
loading conditions of the severely volume-loaded ven- 
tricle. Moreover, although the exercise ejection fraction 
in some patients may be a sensitive indicator of early left 
ventricular dysfunction, it may be too sensitive. Studies 
in our laboratory have indicted that the ejection fraction 
response to exercise becomes abnormal (that is, it does 
not change or it decreases from the resting value) very 
early in the natural course of asymptomatic patients 
with aortic regurgitation,?6 usually before the echo- 
cardiographic left ventricular end-systolic dimension 
reaches 50 mm and while fractional shortening and 
resting ejection fraction are normal. Under these con- 
ditions, even when symptoms are present, long-term 
postoperative prognosis is excellent.” Further, we have 
followed up many asymptomatic patients for up to 4 
years after the development of an abnormal exercise 
response without further deterioration in either the 
resting or exercise ejection fraction, or the onset of 
symptoms. The exercise ejection fraction has not by 
itself been helpful in predicting either the development 
of left ventricular dysfunction at rest or the develop- 
ment of symptoms. Finally, unlike the left ventricular 
ejection fraction at rest, the prognostic value of the 
ejection fraction during exercise is unproven. As pre- 
viously mentioned, there is no level of preoperative 
exercise ejection fraction that has been clearly associ- 
ated with either irreversible left ventricular dysfunction 
(Fig. 4 and 8) or impaired postoperative survival. Fur- 
ther long-term studies are required to establish the 
clinical utility of ejection fraction during exercise in 
patients with aortic regurgitation. 


Management of the Asymptomatic Patient 


Although echocardiographic measurement of left 
ventricular dimensions and function are not accurate 
enough to be relied on as the only criterion for valve 
replacement in aortic regurgitation, echocardiography 
is very useful during serial noninvasive evaluations in 
identifying asymptomatic patients who require either 
more frequent assessment or further invasive studies 
in consideration for operation.'! 

Protocol for preoperative evaluation by nonin- 
vasive studies: As an example of how an asymptomatic 


patient can be managed with noninvasive studies, we 
. determine the frequency of follow-up evaluations in our 


clinic by echocardiographic assessment of left ventric- 
ular systolic function: specifically, by the end-systolic 
dimension. Because end-systolic dimension rarely in- 
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creases by more than 6 mm a year,’! patients with an 
end-systolic dimension of less than 50 mm are evaluated 
each year by echocardiography and every 2 years by 
radionuclide ventriculography. As the left ventricular 
end-systolic dimension approaches and then exceeds. 
50 mm, the frequency of echocardiographic studies is 
increased to every 4 to 6 months, and radionuclide 
ventriculography is performed yearly. When the end- 
systolic dimension exceeds 55 mm or fractional short- 
ening is less than 29 percent, or both, a repeat echo- 
cardiographic evaluation is performed within several 
weeks. At the same time, radionuclide ventriculography 
is performed and also repeated. Only if the end-systolic 
dimension remains above 55 mm on the repeated 
studies, and if the left ventricular fractional shortening 
and radionuclide ejection fraction at rest both confirm 
systolic dysfunction, are catheterization and left ven- 
triculography performed in asymptomatic persons. A 
definitive decision regarding operation is reached only 
after all studies are completed and found to be confir- 
matory.! 

Guidelines for operation: Such a management plan 
must be individualized for each patient. Since 1978, we 
have operated on 10 asymptomatic patients who ful- 
filled our operative criteria, but we have not recom- 
mended operation and have continued to follow up 
carefully the rare atypical patient manifesting an end- 
systolic dimension greater than 55 mm but normal left 
ventricular fractional shortening and normal radionu- 
clide and contrast angiographic ejection fraction. Be- 
cause of the small number of asymptomatic patients 
who have undergone operation and the short follow-up 
period, our results, although encouraging, cannot be 
considered conclusive. Our guidelines for operation are 
therefore based on theoretical and not established 
considerations. Moreover, our recommendations re- 
garding operation have been developed in patients with 
chronic aortic regurgitation, and need not apply to pa- 
tients with acute or subacute aortic regurgitation from 
endocarditis or to patients with Marfan's syndrome and 
aortic aneurysm, in which the increased risk of com- 
bined aortic valve replacement and aortic root recon- 
struction must be taken into consideration. 

In many patients with chronic aortic regurgitation, 
significant symptoms develop before left ventricular 
systolic dysfunction at rest is evident. We continue to 
consider the onset of angina, syncope or presyncope, 
paroxysmal nocturnal dyspnea, orthopnea or limiting 
exertional dyspnea an absolute indication for operation, 
regardless of left ventricular systolic size and func- 
tion. 


Conclusions 


Aortic valve replacement should be performed once 
significant symptoms develop in patients with chronic 
aortic regurgitation. Left ventricular systolic function 
is an important determinant of postoperative prognosis. 
In patients with normal systolic function, irreversible 
myocardial dysfunction rarely, if ever, occurs before the 
onset of significant symptoms, and postoperative 
prognosis is excellent when operation is delayed until 
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physician's advice. Because coronary 
artery disease is common and may be 
unrecognized, it may be prudent not to 
discontinue timolol maleate therapy 
abruptly even in patients treated only 
for hypertension. 
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initial 

therapy 

in hypertensive 
patients 


for 

reducing 
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Usual dosage range: 
10 to 20 mg b.i.d. 


Maximum dosage: 
30 mg b.i.d. 


There should be an interval of at least seven 
days between increases in dosages. 


Also available: 
20-mg tablets 


NOTE: IN HYPERTENSION 

BLOCADREN may be used alone or in 
combination with other antihypertensive 
agents, especially thiazide-type diuretics. 





Dosage: 
10 mg b.i.d. 


Treatment should be 
initiated within 1 to 4 weeks 
after infarction. 


Data are not available as 
to whether benefit would 
ensue if initiated later. 





OHME Copyright © Merck & Co., INC., 1982 


/LOCADREN only 10 mg b.i.d. 


(TIMOLOL MALEATE|MSD) for initial therapy in 


hypertension and post-MI 


For a Brief Summary of Prescribing Information, please see next page. 
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oat e me) can ‘be used, if necessary, 
ion in patients with a history of failure who are 
pensated,. usually with digitalis and diuretics. 
. Both digitalis and timolol maleate slow AV conduction. I 
~ Cardiac failure persists, therapy with BLOCADREN should 
bewithdrawn. 
... dn Patients without a History of Cardiac Failure: Contin- 
ued depression of the myocardium with beta-blocking 
agents over a period of time can, in some cases, lead to 
-cardiac failure. At the. first sign or symptom of cardiac 
: failure, patients receiving BLOCADREN should be digita- 
- lized and/or be given a diuretic, and the response observed 
closely. if cardiac failure continues despite adequate digi- 





' :alizatíon and diuretic therapy, BLOCADREN should be 
withdrawn. 





Exacerbation of ischemic Hear! Disease following 
 Abrupt Withdrawal Hypersensitivity to catechola- 
mines has been observed in patients withdrawn from 
beta-biocker therapy; exacerbation of angina and, in 
"some Cases, myocardial infarction nave occurred after 
abrupt discontinuation of such therapy. When discon- 
-Hnuing chronically administered timolol maleate, par- 

ticularly.in patients with ischemic heart disease, the 

dosage should be gradually reduced over a period of 
_ | cone to two weeks and the patient should be carefully 

t. monitored. If angina markedly worsens or acute coro- 

nary insufficiency develops, timolel maleate adminis- 
tration should be reinstituted promptly, at least 
1 temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 
<i Patients should be warned against interruption or dis- 
-at sontinuation of therapy without the physician's 
- | advice. Because coronary artery disease is common 
—j and may be unrecognized, it may be prudent not to 
discontinue timolol maleate therapy abruptly even in 
patients treated only for hypertension. 





















- Major Surgery. The necessity or desirability of withdrawal 
of beta-blocking therapy prior to major surgery is contro- 
zwersial Beta-adrenergic receptor blockade impairs the 
ability of the heart to respond to beta-adrenergically 
mediated reflex stimuli. This may augment the risk of gen- 
"erat anesthesia in surgical procedures. Some patients 
“receiving beta-adrenergic receotor blocking agents have 
been subject to protracted severe hypotension during 
„anesthesia. Difficulty in restarting and maintaining the 
heartbeat has also been reported. For these reasons, in 
patients undergoing elective surgery, some authorities 
, fecommend gradual withdrawal of beta-adrenergic recep- 
tor blocking agents. 
H necessary during surgery, the effects of beta-adren- 
'ergiC blocking agents may be reversed by sufficient doses 
of such agenists as isoproterenol, dopamine, dobutamine, 
jarterenol. 
Diabetes Mellitus. BLOCADREN should be administered 
caution in patients subject to spontaneous hypogly- 
ior te diabetic patients (especially those with labile 
tes) who are receiving insulin or oral hypoglycemic 
separa iiri blocking ded n 
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tistically significant (p: 0405) increase in th 
adrenal pheochromocytaraas in male rats "uamwiistired 


I NERVOUS pia " 


two-year study of timolo! maleate in rat: 










300 times the maximure recommended human dose 
(1 mg/kg/day). Similar differences were not observed in 
rats administered doses eguivalent to 25 or 100 times the 
maximum recommended haman dose. in a lifetime study in 
mice, there were statistically significant (p< 0.05; 
increases in the incidence af benign and malignant pulmo- 
nary tumors and benign uterine polyps in female mice at 
500 mg/kg/day, but not ai 5 or 50 mg/kg/day. There was 
also a significant increasein mammary adenocarcinomas 
at the 500- mg/kg/day dese. This was associated with 
elevations in serum prolactin which occurred in female 
mice administered timolol at 500 mg/kg, but not at doses 
of 5or 50 mg/kg/day. An ipcreased incidence of mammary 
adenocarcinomas in rodents has been associated with 
administration of several ather therapeutic agents which 
elevate serum prolactin, bet no correlation between serum: 
prolactin levels and mammary tumors has been estab- 
lished in man. Furthermore: in adult human female subjects 
who received oral dosages of up to 60 mg of timolo: 
maleate, the maximum recommended human oral dosage. 
there were no clinically meaningful changes in serum pro- 
lactin. 

There was a statistically significant increase (p << 0.05; 
in the overall incidence ci neoplasms in female mice at the 
900-mg/kg/day dosage level. 

Timolo! maleate was devoid of mutagenic potentia: 
when evaluated in vivo (mouse) in the micronucleus tes’ 
and cytogenetic assay (doses up to 800 mg/kg) anc 
in vitro in a neoplastic cel transformation assay (up te 
100 ng/ml). in Ames tests the highest concentrations o? 
timolol employed, 5000 or 10,000 ug/plate, were asso- 
ciated with statistically significant elevations (p < 0.05) o* 
revertants observed with: tester strain TA100 (in sever 
replicate assays) but not is the remaining three strains. In 
the assays with tester stsain TA100, no consistent dose 
response relationship was observed nor did the ratio of 
test to control revertants teach 2. A ratio of 2 is usually 
considered the criterion for a positive Ames test. 

Studies in rats showec no adverse effect on male or 
female fertility at doses up to 150 times the maximum rec- 
ommended human dose. 


Pregnancy Category C: Should be used during pregnancy 
only if the potential benefitjustifies the potential risk to the 
fetus. 


Nursing Mothers: Because of the potential for serious 
adverse reactions from BEOCADREN in nursing infants, a 
decision should be made whether to discontinue nursing 07 
to discontinue the drug. taking into account the impor- 
tance of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS: 

BLOCADREN is usually weil tolerated in properly selected 
patients. Most adverse effects have been mild and tran- 
sient. 

In a multicenter (12-week) clinical trial comparing timo- 
lol maleate and placebo. the following adverse reactions 
were reported spontaneously and considered to be caus- 
ally related to timolol maleate: 


——— 





Timolo! Maleate Placebo 
(n= 176) (n= 168) 
96 ET 
BODY AS A WHOLE 
fatique/tiredness 34 0.6 
headache 17 18 
chest pain 0.6 0 
asthenia 0.6 0 
CARDIOVASCULAR 
bradycardia 9.1 0 
arrhythmia 11 06 
syncope 0.6 0 
edema 0.6 $12 
DIGESTIVE 
dyspepsia | 06 06 . 
nausea 06 | xu ou 
8 INTEGUMENTARY - z iw 
pruritus. 






eye irritation T 06 


tinnitus ` 


These. data are EESE of the mneidence of 
adverse effects thai may be observed in a properly 
selected hypertensive patient population, e.g., a group 
excluding patients with bronchospastic disease, conges- 


“tive heart failure, or other contraindications to beta- 


tiocker therapy. These adverse reactions can also occur 
in patients with coronary artery disease. 

In a different population, the coronary artery disease | 
population, studied in the Norwegian multicenter trial (see 
CLINICAL PHARMACOLOGY), the frequency of the princi- 
pal adverse reactions and the frequency with which these 
resulted in discontinuation of therapy in the timolol and 
placebo groups were 


Adverse Reaction Withdrawal® 


Timolo Placebo Timolo! Placebo . E 
(n=945) (n= 939) n= 945) =939 
cA % : iia 


96 
Asthenia or Fatigue 5 1 «1 «1 
Heart Rate 9 «1 4 «1. 


< 40 beats ‘minute 


Cardiac Fallure--Nonfatal 8 7 3 2 
Hypotension 3 2 3 1 
Pulmonary Edema-- Noníatal — 2 «z1 «1 «1 
Claudication 3 3 1 «14 
AV Block «1 «1 <4 «1 
and or 3rd degree 
Sinoatrial Block «1 «1 «1 «1 
Cold Hands and Feet 8 sd «1 0 
Nausea or Digestive 8 6 1 «1 
Disorders 
Dizziness 6 4 1 0 
Bronchial Obstruction 2 «1 1 «1 


"When an adverse reaction recurred in a patient, it is 
listed only once. 

*Only principal reason for withdrawal in each patient is 
listed. 


These adverse reactions can also occur in patients 
treated for hypertension. 

The following additional adverse effects have been 
reported in clinical experience with the drug: Body as a 
Whole. extremity pain, decreased exercise tolerance, 
weight loss; Cardiovascular. cardiac failure, cerebral 
vascular accident, worsening of angina pectoris, worsen- 
ing of arterial insufficiency, Raynaud's phenomenon, pal- 
pitations, vasodilatation: Digestive: gastrointestinal pain, 
hepatomegaly, vomiting, diarrhea, dyspepsia; Endocrine: 
hyperglycemia, hypoglycemia: integumentary: rash, skin 
irritation, increased pigmentation, sweating, Musculo- 
skeletal arthralgia, Nervous System: local weakness; 
Psychiatric. depression, nightmares, somnolence, insom- 
nia, nervousness, diminished concentration; Respiratory: 
cough; Special Senses: visual disturbances, dry eyes; 
Urogenital, impotence, urination difficulties. 

Potential Adverse Effects: in addition, a variety of 
adverse effects not observed in clinical trials with 
BLOCADREN, but reported with other beta-adrenergic 


blocking agents, should be considered potential adverse _ : 
effects of BLOCADREN: Nervous System: reversible mental ` 
depression progressing to catatonia: hallucinations, an — : 


acute reversible syndrome characterized by disorienta- 
tion for time and place, short-term memory loss, emo- 
tional lability, slightly clouded sensorium, and decreased 
performance on neuropsychometrics: Cardiovascular. 
intensification of AV block (see CONTRAINDICATIONS). 
Gastrointestinal mesenteric arterial thrombosis. ischemic 
colitis: Hematologic. agranulocytosis, nonthrombocyto- 
penic purpura, thrombocytopenic purpura; Allergic: 
erythematous rash, fever combined with aching and sore 
throat, laryngospasm and respiratory distress; Míscella- — 
neous. reversible alopecia, Peyronie's disease. Multisys- $5 
tem syndrome reported with practolal. 

Clinical Laboratory Test Findings: Slight increases in 


blood urea nitrogen, serum potassium, and serum uric . - 
acid, and slight decreases in hemoglobin and hematocrit © 


occurred, but were not progressive or associated with 
clinical manifestations. DC7117606 











MEDICAL AND SURGICAL ADVAN 
CORONARY DISEASE 


The most up-to-date reference on tl 
state of the art of medical and surgical | 
myocardial revascularization in clinical - 

coronary disease available today. 


Written by 130 selected authorities, MYOCARDIAL 
= REVASCULARIZATION represents the first comprehensive 
= coverage of the subject, presenting many new therapeutic 

; modalities not previously published anywhere. This volume is an 
F^ outgrowth of the recent International Symposium on Myocardial 
< Revascularization held in Nassau, The Bahamas. It is edited by 
_, two internationally renowned specialists, Dean T. Mason, MD, 
"^. and John J. Collins, Jr., MD. 


_ Myocardial Revascularization 

. features the latest on: 

. Bi Streptokinase - Thrombolysis in AMI 

: Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


- W Percutaneous Transluminal Coronary Sample Table of Contents: 


Angioplasty (PTCA) Section 1 - Stable Angina Pectoris and 


lW New Calcium Blocking Drugs Asymptomatic Coronary Disease 


Bl Cardiac Benefits of Corona 
Rehabilitation Programs i ection 2 - Variant Angina Pectoris 
E Coronary Bypass Surgery for Angina, Section 3 - Unstable Angina Pectoris 
Unstable Angina, AMI Section 4 - Acute Myocardial Infarction 


: - Yorke Medical Books. Murcia dL M RD pius Section 5 - Myocardial Preservation 


“Box C-757, Brooklyn, NY 11205 a —— 
po d Section 6 - Pharmacologic and Relate 
copies MYOCARDIAL REVASCULARIZATION @ $ 55.00 Approaches to Coronary Dilatation 


d C Enclosed is my check for . Yorke pays postage and handling m 


(same return privilege). New York residents add appropriate sales tax. Add ài : 1sluminz L 
~ $5.00 per book for orders outside the U.S. and Canada Section 7 - Percutaneous Transium f a i 


(i Please bill my Li VISA O MasterCard (same return privilege) Coronary Angioplasty 


Expiration date _ 


Gard — 15 MIC interbank # 
Please bill me plus postage and handling (U.S. and Canadian orders only). 


Section 9 - Long-Term Achi 


Myocardial Revasculariza 


Surgical Therapy - 
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potassium chloride 
slow-release tablets s mEq 





The patients choice! 


Nonchloride 
liquid supplements 
fizzle out 
Citrate/bicarbonate 
or gluconate liquids 
such as K-Lyte® and 
Kaon® elixir may taste 
better than other liquid 
supplements, but don’t 


provide the essential 
KCl. 














pM 


Unique record of 
safety 

No other tablet can 
claim over 7 years’ U.S. 
clinical experience in over 
5 million patients." 










The salt of choice... 
the patients choice 


Slow-K has an 
unparalleled record of 
patient acceptability 
while also providing the 
preferred salt —KCl— 
to counteract diuretic- *Slow-release potassium chloride tablets 

should be reserved for patients who cannot 


induced potassium " tolerate or have compliance problems with 
chloride loss. Economical liquid K preparations. The total number of 


When compliance with 
liquid K supplements is 
a problem* 


a GI lesions in both foreign countries and the 
A day S therapy United States remains less than one per 
averages only 25¢.4 100,000 patient-years. 


tData on file, CIBA Pharmaceutical Company. 
tAverage cost per day based on Pharmaceuti- 
cal Data Services audit 


— Please turn page for brief Prescribing Information 


CIBA 


nypokalemic familial 


potassium depletion when the dietary intake of po- 
‘the following conditions: Patients receiving digitalis 
estivo heart failure; hepatic cirrhosis with ascites: 
acess with normal renal function; potassium-iosing 
in diarrheal states. 
6 of potassium saits in patients receiving diuretics for uncompli- 
‘cated esse hypertension is often unnecessary when such patients have 
norma y patterr. Serum potassium should be checked periodically, 
SHE lisible occurs, dietary supplementation with po- 
n-containing foods may be adequate to control milder cases. in more 
(re cases supplementation with potassium salts may be indicated. 
NTRAINDICATIONS  . 
in patients with hyperkalemia. since a further increase in serum potassium 
.. concentration in such satients can produce cardiac arrest. Hyperkalemia 
may complicate any of the following conditions: chronic renal failure, sys- 


o temic Acidosis such as diabetic acidosis, acute dehydration, extensive 
^ issue breakdown as in severe burns, adrenal insufficiency, or the administra- 
“tion of a potassium-sparing diuretic (eg, spironolactone, triamterene). 

0 Wax-matrix potassium chloride preparations have produced esophageal 


‘ulceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 
Ail solid dosage forms cf potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through 
the G.I: tract. in these instances, potassium supplementation should be with 
a liquid preparation. 
WARNINGS 
Hyperkalemia: in patients with impaired mechanisms for excreting po- 
tassium, administration of potassium salts can produce hyperkalemia and 
cardiac arrest. This occurs most commonly in patients given potassium 
intravenously but may also occur when given orally, Potentially fatal hyper- 
kalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
patients with chronic renal disease, or any other condition which impairs 
potassium excretion, raquires particularly careful monitoring of the serum 
potassium.concentraticn and appropriate dosage adjustment. 
interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a po- 
' tassium-sparing diuretic (o , Spironolactone or triamterene), since the simul- 
taneous administratior of these agents can produce severe hyperkalemia. 
. Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
—-:ndior ulcerative lesio*is of the small bowel and deaths. These lesions are 
|; caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, cr perforation. Slow-K is a wax-matrix tablet for- 
. mulated to provide a ccntrolied rate of release of potassium chloride and thus 
. oto minimize the possibility of a high local concentration of potassium ion near 
2 the bowel wall. While the reported frequency of small-bowel lesions is much 
— Jess with wax-matrix tablets (less than one per 100,000 patient-years) than 
with enteric-coated pctassium chloride tablets (40-50 per 100,000 patient- 
years) Cases associated with wax-matrix tablets have been reported both in 
foreign countries and ir the United States. In addition, perhaps because the 
wax-matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding associ- 
opted; with these products. The total number of gastrointestinal lesions re- 
“Mains less than one ne 100,000 patient-years. Slow-K should be 
discontinued immedia'ealy and the possibility of bowel obstruction or perfora- 


Pus tion cohsidered if severe vomiting, abdominal pain, distention, or gastroin- 


testinal bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbo- 
nate, potassium citrate, or potassium acetate. 

PRECAUTIONS 
. Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia 


i -inapatient with a clinical history suggesting some cause for potassium de- 


pletion. in interpreting the serum potassium levet, the physician should bear 
4n mind that acute alkalosis per se can produce hypokalemia in the absence 
. of a deficit in total body potassium, while acute acidosis per se can increase 

. fheserum potassium concentration into the normal range even in the pres- 
ence of a reduced total body potassium. Treatment of potassium depletion, 


ci^ particularly in presence of cardiac disease, renal disease, or acidosis. 


requires careful attention tc acid-base balance and appropriate monitoring 
of serum electrolytes, electrocardiogram, and clinical status of patient. 
"ADVERSE REACTIONS — 
Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
rt; and diarrhea. These symptoms are due to irritation of the gastrointestinal 
ct and are best managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose. . 
One of the most severa adverse effects is hyperkalemia (see Contraindica- 
and Warnings) There also have been reports of upper and lower 
rointestinal condi^ons including obstruction, bleeding, ulceration and 
ir'oration (see Contraindications and Warnings); other factors known to be 
sociated with such conditions were present in many of these patients. Skir 
een reported rarely. 
GE AND ADMINISTRATION 
dietary intake of potassium by the average adult is 40 to 80 mEq per 
assium deple'ion sufficient to cause hypokalemia usually requires 
‘OF More MEQ of potassium from the total body store. 
st be adjusted to the individual needs of each patient but is 
range of 20 mEq per day for prevention of hypokalemia 
j per dav or more for treatment of potassium depletion, 
6 tablets must be swallowed whole and never 
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C 60 internationally prominent contributors provide in 26 papers a comprehensive overview of the 
. current thinking on the causes, mechanisms, treatment and complications of diabetes. 






.. Featured topics include: 

m" The causes of diabetic inheritance 
Immune factors of diabetes 
Mechanisms of diabetes (The culmination of 50 years of research) 
Autoimmunity T 
New understandings in the mechanisms of insulin dependent and non-dependent diabetes mellitus — 
New developments in the treatment of diabetes : 
Methods of monitoring blood glucose and the use of glvcosylated hemoglobin 
Pharmacology of oral hypoglycemics 
Use of insulin infusion devices 
Human insulin produced by recombinant DNA technology 












.. If it is important to you in your practice to stay up-to-date on the latest developments in Diabetes 
| Mellitus and you need a quick reference on the topic, then this is the book for you. 


. DIABETES MELLITUS 
edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981 248 pp. 0-914316-23-0 (clothbound) $29.50 0-914316-30-3 (paperbound) $19.50 


cra 7« eT i rn AERE 56 - 


Yorke Medical Books 


Box C-757, Brooklyn, New York 11205 
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Elus a Copy(s) of Diabetes Mellitus In e hardbound NAME 
(829. 50) ccs SOftbound ($19.50) | 
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See next page for brief summary. 








nadolol tablets 










blocking agen 
NTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
dt ‘block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
GS: Cardiac Failure — Sympathetic stimulation may be a vital component sup- 
circulatory. function i in congestive heart failure, and its inhibition by beta- 


congesti 
with a history of failure who are well- compensated, usually with digitalis and diuretics. 
Beta- ts do not abclish the inotropic action of digitalis on heart 


use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
| Hypersensitivity to catecholamines has been observed in patients withdrawn from 
} beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
«have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
| use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
Osage overa 1- to 2-week period and carefully monitor the patient. Reinstitute 
lolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary in- 
sufficiency develops. Warn patients aot to interrupt or discontinue therapy without 
: physician's advice. Because coronary artery disease is common and may be 
| unrecognized, it may m hee not to discontinue nadolol therapy abruptly even 
patients treated only for hypertension. 
— PATIENTS WITH 


allergic Bronchospasm (e.g., chronic bronchitis, emph 

BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
: KERS, Administer nadolol with caution since it may block bronchodilation pro- 
duced by endogenous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta blockade i ei peii the ability of the heart to respond to 
X stimuli and may increase risks of general anesthesia and surgical procedures, 
ing in protracted hypotension or low cardiac output, it has generally been sug- 

that such therapy should be withdrawn several days prior to surgery. Recognition 
‘of the increased sensitivity to catecholamines of patients recently withdrawn from beta- 
blocker therapy, however, has made this recommendation controversial. If possible, 
withdraw beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor 
agonists such as i isoproterenol, dopamine , dobutamine, or levarterenol can reverse the 
effects of nadolol. Di Difficulty in restarting and maintaining the heart beat has also been 
orted with beta-adrenergic receptor blocking agents. 
Diabetes and — Beta-adrenergic blockade may prevent the ADDE a 
of premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of 
acute hypoglycemia. This is especially important with labile diabetics. Beta-blockade also 
reduces release of insulin in response to hyperglycemia; therefore, it may be necessary to 
adjust dose of antidiabetic drugs 

"Fhyrotoxicosis — Bic adrétc dic blockade may mask certain clinical signs (e.g., 
tia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
S cau a thyroid storm, carefully manage patients. suspected 























































formation for Patents — Warn patients, especially those with evidence of coronary 
ficiency, against interruption or discontinuation of nadolol without physician's 
Bé gar failure rarely occurs in properly selected patients, advise 
z CT blocking agents to consult physician at first 


X depleting drugs (e.g., reserpine) may have an 
ib beta bocking agents. When treating patients with 
e-depicting agent, carefully observe for evidence of hypoten- 
‘dia which may produce vertigo, syncope, or postural 


, Impairment of Fertility — 
. rats, and dogs, nadolol did not produce significant toxic 
arcinogenic studies i et rats and Peel nadolol did not produce 


egnancy — In animal repeoduction studies with isi evidence of embryo- and 
iptoxiciy was as found | in rabbits (but not in Tats- or anc: at doses 5 to 10 times 


In 1 to 2 years’ oral 











40 mg, 80 mg, 120 mg. 160 mg scored tablets 


~ Bp abled s dia Dace: E imcar ciis a piene ta no teratogenic poten- 


tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadoial withdrawal. 

Cardiovascular — Bradycerdia with heart rates of less than 60 beats per minute occurs 


commonly, and heart.rates below 40 beats per minu:e and/or 


symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually - 


of the Raynaud pe have occurred in approximately 2 of 100 patients. Cardiac failure, 


hypotension, and rhythm/conduction disturbances have each occurred in about 1 of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of bete-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 900 patients; sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 »atients (see CONTRAINDICA- 
TIONS and W WARNINGS). Gastrointestinal — Nausea, diarrhea, abdorninal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 

reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in | 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred. speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculoómucocutaneous syndrome associated with 


practolol has not been reported with nadolol. 


Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be considered 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres- 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 

characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- 
. Gastrointestinal — mesenteric arteria thrombosis; ischemic colitis. 


Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, price diga at a lb e wie In deter- 
mining duration of corrective therapy, take note of iong duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). H there is no response 
to Mord blockade, administer isoproterenol cautiousiy. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epmephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice) 
Peen Administer a stimulating agent and/or a theophylline 

vative 


DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d. ; gradually increase in 40 to 80 mg 
incremerits at 3 to 7 day intervals until optimum c or pronounced slowing 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to 160 
mg or less daily). If treatmert is to be discontinued, reduce dosage gradually over a 
period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert, 
for dosage in these patients. ay 23 

For full pr iun Lea] Lacie pert consult package insert. 

HOW SUPPLIED: In scored tabiets containing 40, 30, 120, or 160 mg nadolol = 
tablet in bottles of 108 and 1000 tablets and in Ünimatic* unit-dose packs of 10 tablets. 
The 40 mg and 80 mg tablets are also available in convenience packages containing 

4 blister cards of 7 tablets each. 
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Four hundred twenty-two. consecutive patients with a 
myocardial infarction underwent cardiac catheterization | and 
diographic examination. Adequate two dimensional echocardiogra 
were obtained in 386 patients (91 percent). Left ventricular aneury: 
was defined echocardiographically and cineangiographically as a wel 
demarcated bulge in the contour of the left ventricular wall during bo 





. diastole and systole, demonstrating dyskinesia or akinesia. Cineangic 


raphy was considered as the standard for the diagnosis of left ventricula 

aneurysm. The site of aneurysm was mainly anteroapical. p 
An aneurysm was judged present on cineangiography in 11 1 patients : 

and on echocardiography in 1 18 patients. The presence and absence o 


respectively, with cineangiography. In 8 patients a cineanglograpticall 
identified aneurysm was not manifested echocardiographically, wherea: 
in 15 patients an aneurysm identified on echocardiography was not evident 
on cineangiography. Thus two dimensional echocardiography can detec 
or exclude a left ventricular aneurysm with a high level of sensitivity. (8: : 
percent) and specificity (94 percent). 


Left ventricular aneurysm is a common complication of acute myocardial 
infarction. The incidence of aneurysm formation in survivors of 
transmural infarction has been reported to be between 10 and 38 pei 
cent.-9 Reports on the clinical diagnosis of postinfarction ventricula 
aneurysm have indicated that the diagnosis has often been OR 
looked.??56 rr 
The advent of M mode echocardiography presented a noninvasive too 
for determining left ventricular shape and volume.7-? However, excep 
in a few studies,!?-1? M mode echocardiography, with its restricted fiel 
of vision, has proved of limited value in detecting ventricular aneurysm. 
In contrast, two dimensional echocardiography provides tomograp 
images of the heart and is capable of visualizing the entire left ventricu 
wall.!4 : 
The purpose of this prospective and blinded study was to dete T] 
the value of two dimensional echocardiography in detecting lef 
tricular aneurysm in a large group of patients. Because left venti 
cineangiography is currently the best established method for diagnc 
left ventricular aneurysm in vivo, we used it as the reference stan 
in our study. 2X x. 


Methods 


Patients: The study group comprised 422 consecutive patient 
RIAEROSHE cardiac catheterization during the last 2. 5; years, 1 


because of age less than 40. years, ‘dyspnea or 
ae ErP The D e penta these } pa 
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FIGURE 1 . Diagram illustrating nine segments of the left ventricular wall 
valuated in this study. Ao = aorta; LA = left atrium; LV = left ven- 
icle. ^ | 


. Two dimensional echocardiography: All echocardio- 
zraphic studies were obtained within 24 hours before cardiac 
catheterization with use of a wide angle mechanical sector 
scanner (Eko Sector I, Smith-Kline Instruments). All patients 
were studied in the left lateral decubitus position. 

 ANine segments of the left ventricular wall (Fig. 1) were 
udied by a standard two dimensional echocardiographic 
pproach, in which multiple left ventricular parasternal long 
nd short axis views were obtained as well as the apical two 
nd four chamber views and right anterior oblique equivalent. 
chocardiograms were deemed adequate if each of the nine 
gments could be clearly visualized from either the parast- 
ernal or the apical view, cr both. 

- Two dimensional echecardiograms were recorded on a 
eotape recorder and leter analyzed by two observers who 
'e unaware of the clinical data, catheterization results and 
each others’ interpretation. There was concordant interob- 
server analysis in 96 percent of cases. 

A left ventricular anewrysm was defined echocardiogra- 
hically and cineangiographically as a well demarcated bulge 
the contour of the left ventricular wall during both diastole 
nd systole, demonstrating dyskinesia or akinesia (Fig. 2). 
Cardiac catheterization: All patients underwent biplane 
ft ventricular cineangiography in the 60? left and 30? right 
nterior oblique projections, and selective coronary arteri- 
ography. With use of the cineangiographic nomenclature of 


S » 2,3. | 


relating or not correlating in identifying a ventricular aneu- 
rysm. | 

With use of cineangiography as the reference standard, 
sensitivity was defined as percent of all patients with ven- 
tricular aneurysm angiographically who demonstrated ven- 
tricular aneurysm echocardiographieally as well: ([true posi- 
tive/true positive + false negative] X 100 percent). 

Specificity was defined as percent of absence of ventricular 
aneurysm echocardiographically in patients without ven- 
tricular aneurysm angiographically: ([true negative/true 
negative + false positive] X 100 percent). 


Results 


Adequate two dimensional echocardiograms were 
obtained in 386 patients (91 percent). These were 329 
men and 57 women with an average age of 58 years 
(range 37 to 72). 

Echocardiographic left ventricular aneurysm 
(Fig.2 to 5): A left ventricular aneurysm was detected 
with two dimensional echocardiography in 118 of the 
386 patients. The location was apical in 42 patients (35 
percent), anteroapical in 43 (36 percent), posterior in 


16 (14 percent), posteroapical in 11 (9 percent) and - 


anteroposterior in 6 (5 percent). The views from the 
apical transducer position were the ones most useful in 


defining aneurysm. In the less common posterior an- 


eurysm, the parasternal views often proved the most 
helpful. In 38 patients (32 percent) the septum was also 
involved. | 
Echocardiographic-cineangiographic correla- 
tion: A left ventricular aneurysm was evident in 111 of 
the 386 patients cineangiographically. In 103-of these 
patients the two dimensional echocardiogram also re- 
vealed an aneurysm as well (true positive finding). The 
site of aneurysm was the same on two dimensional 
echocardiography as on cineangiography in all but two 
patients. In both patients the cineangiogram showed an 
isolated posterior aneurysm, whereas the two dimen- 
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FIGURE 3. Apical two chamber echocardiogram at the end of diastole 
demonstrating a posterior basal aneurysm (An). ant. lat = anterolateral: 
inf. = inferior; LA = left atrium; LV = left ventricle. 


sional echocardiogram revealed additional involvement 
of the interventricular septum. 

In eight patients the aneurysm was missed on two 
«dimensional echocardiography (false negative find- 
^ ing). Six of these patients had a grossly dilated left 
.. ventricle with a poorly demarcated large apical aneu- 

- rysm. In one patient an anterolateral aneurysm was 
missed, and in another a discrete apical aneurysm that 
occurred after bypass surgery. 

In 15 patients no aneurysm was present cineangio- 

—graphically (false positive finding). Six of these pa- 

tients had an apicoseptal aneurysm echocardiographi- 
cally, whereas the cineangiogram showed only apical 
akinesia or dyskinesia. Three patients had a small 
posterior aneurysm on echocardiography; in two of these 
patients the left ventricular cineangiogram was normal. 
Two patients with an aneurysm of the inferoseptal area 


= on echocardiography showed akinesia of the inferior 


— wallon cineangiography. In three patients with an apical 
< aneurysm on echocardiography the cineangiogram re- 
d only apical dyskinesia, In one patient a posterior 


rysm that was filled with thrombus was detected - 
oc rdiography but not identified with 1 eean ^ od 


FIGURE 4. Apical four chamber sha dinem at the end of diastole 
of a patient with an aneurysm (An) of the cardiac apex and the inter- 
ventricular septum. L = teft; LA = left atrium; LV = left ventricle; 
right; RA = right atrium; RV = right ventricle. s 


In 260 patients the absence of a ventricular aneu- 
rysm was correctly diagnosed with two dimensional 
echocardiography (true negative finding). Thus tw 
dimensional echocardiography detected left ventricular 
aneurysm with a sensitivity of 93 percent (103/103 + 8 
and a specificity of 94 percent (260/260 + 15). ! 


Discussion 


Recently Weyman et al.!? demonstrated in a mainly 
retrospective study that two dimensional echocar 
ography was capable of visualizing left ventricular ar 
eurysm in all 31 patients studied. Furthermore, a few 
more recent reports indicated that two dimensional 
echocardiography appears to be useful in differentiating 
true aneurysm from pseudo-aneurysm!?-!? and is ca- 
pable of determining the resectability of a left: i 
ular aneurysm!®!9 The results of our prospective tuc 
indicate that two dimensional 1 echocardiogn h 
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: IGURE 5. ‘Parastornal short avis echocardiogram at the level of the mitral valve (MV) demonstrating an unusual anterior aneurysm (An), which 
: appeared to be a saccular aneurysm after surgery. A = anterior; L = left; LV = left ventricle; P = posterior; R = right. 


"with previously reported data.^9?? In the 111 true by echoes from overlying lung tissue.*! In the eighth 

_ positive studies the left ventricular septum was far more patient a small apical aneurysm caused by venting 
frequently observed to be involved on echocardiography during cardiac surgery was missed. 

than on cineangiography (30 versus 12). In 8 of 15 pa- Clinical implications: When compared with cine- 
tients with a false positive study the septum was in- angiography as the standard for detection of left ven- 
| volved in the aneurysm. This apparent difference be- tricular aneurysm, the noninvasive technique of two 
tween the two diagnostic methods might be explained dimensional echocardiography performed well. It offers 

_ by the fact that cineangiography is a shadow technique the possibility of detecting or excluding the presence of 
whereas two dimensional echocardiography provides a left ventricular aneurysm after myocardial infarction 
tomographic i images, and thus allows one to look at the with a very good sensitivity and specificity. Moreover, 
ventricular septum in a unique manner. this essentially harmless technique allows serial studies, 
In eight patients left ventricular aneurysm was not which should help define the hitherto poorly docu- . 


detected on two dimensional echocardiography. In six mented natural history of left ventricular aneurysm 
of these patients a large apical aneurysm was poorly with respect to change in size and presence of | 
demarcated from the dilated base of the left ventricle. thrombus. | 
In a seventh patient we could only obtain apical four Acknowledgment : 
chamber and long axis views and a small anterolateral We thank Pia Botman for secretarial assistance and Rich- | 
aneurysm was missed, possibly because of interference ard Meltzer, MD for critical review of this manuscript. 
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esophagus suggestive of a vascular ring. Physical examination revealed an irri- — 


.. tract.*? In this plane, a long lengt 
T cand the aortic arch appeared 
2 ‘toward the ri 































Two infants and one 7 year old child with double aortic arch are described- 
in whom subcostal two dimensional echocardiography identified the bi- 
furcation of the aorta high within the thorax and imaged the proximal 
portions of the right and left aortic arches. In one of the infants and in the - 

7 year old child, the diagnosis was confirmed using intravenous digital 
video subtraction angiography, thus avoiding aortegraphy and permitting 
accurate evaluation of the anatomic features. All cases were confirmed 
surgically. If X-ray examination after barium swallow and clinical history 
are suggestive of double aortic arch, two dimensional echocardiography ~- 
is useful in verifying this possibility. Intravenous digital video subtraction 
angiography provides the capability for precise documentation of the 
anatomic features. 


Double aortic arch is one of the most common vascular rings presenting 
in patients without anatomic congenital heart. disease.! The clinical .— 
presentation is typically one of upper airway obstruction with or without | 
dysphagia. Children with different types of vascular rings often present — 
with quite similar clinical histories. Although double aortic arch is usually. |. 
associated with classical findings on X-ray examination after barium. — 
swallow,’ various degrees of patency or development of different portions .. 
of the arch sometimes produce nonclassic appearances of the barium- 
filled esophagus. We encountered three patients in whom two dimen- > 
sional echocardiography was of use in further substantiating the diag- .- 
nosis of double aortic arch, and we used intravenous digital video sub- ~ 
traction angiography? for further anatomic classification of two of the. 
patients before the condition was confirmed at cperation. 





Case Reports 


Case 1: A 5 month old 3.5 kg infant was transferred to Green Lane Hospital, ; 
Auckland, New Zealand with a postnatal history of poor feeding, stridor, poo: 
weight gain and multiple episodes of pneumonia. X-ray examination after bari im 
swallow showed equal size indentations on both sides of the barium-fi Hed: B 





table, poorly nourished youngster with normal cardiovascular findings who... 
manifested a variety of upper airway obstructive noises including coarse inspi- ^. 
ratory rhonchi and gurgling inspiratory sounds. The electrocardiogram and chest . - 
X-ray film were within normal limits. UT 

A two dimensional echocardiogram was performed (using a Toshiba? SSH. E 
10A electronically range-focused phased array echocardiograph with a pediat- 
ric- -style P524 A-1 transducer). "The echocardiographie examination appeared 
normal in all views except in the anteriorly angled subcostal view, scanning in - 
the coronal plane (four chamber view) aimed toward the left ventricular outflow 
of the ascending aorta could bi visualized H 








I 





v FIGURE 1. Case 1. Stop frame image from the 

- ^. subcostal left ventricular outflow plane two 

dimensional echocardiogram viewed in an 

inverted orientation shows bifurcation of the 

ascending aorta (AO) into a left and right arch 

- (LL. AO, RAO). In these views, the transducer 

As in the subcostal area and is aimed toward the 

suprasternal notch while scanning a coronal 

plane (right insert). inf = inferior; L = left; LA 

= left atrium; LV = left ventricle; R = right; RA 

= right atrium; Sup = superior; SVC = supe- 
-rior vena cava. 








|... The patient underwent aortography as part of a cardiac 
- catheterization procedure and was found to have double 
. .. aortic arch with a larger aortic arch on the right side. No in- 
« « tracardiac abnormalities were present. 

e C At operation, the left aortic arch was visualized through a 
- C eft thoracotomy. The left arch was ligated and divided be- 
o tween the left subclavian artery and the descending aorta. The 
^ patient also had a left-sided ductus ligament, which was di- 
| vided. 


Case 2: A 5.1 kg, 5.5 month old Mexican-American girl was 
admitted to the University of Arizona Health Sciences Center 
with a recurrence of right middle lobe atelectasis. She had 
been followed up as an outpatient and had a history of poor 
feeding and multiple respiratory infections. The findings on 

- s X-ray examination after barium swallow were compatible with 
^C double aortic arch. The barium-filled esophagus was indented 
— from both sides with a larger more diffuse indentation on the 
^ v right and a lower, more circumscribed indentation on the left 
Coo (Fig. 2). Physical examination revealed a well nourished baby 
v s Who was making honking, gurgling and wheezing noises with 
- respirations but who seemed in no distress. She had a grade 
1/6 systolic ejection murmur and normal first and second heart 
- sounds. The electrocardiogram was within normal limits, the 
chest X-ray film revealed right middle lobe atelectasis and the 
-M mode echocardiogram was within normal limits. 
A two dimensional echocardiogram was performed with 
-a Toshiba SSH 10A electronically focused phased array with 
-a pediatric style transducer, PS 24 A-2. All views were normal 
"with the exception of an anteriorly angled subcostal left 
ventricular outflow tract view similar to that described in 
Patient 1 (Fig. 3) in which the aorta appeared to bifurcate 4 
cm above the aortic valve into a larger right and a smaller 
somewhat constricted left branch. 
Asan alternative to aortography, the patient underwent 
a contrast-enhanced intravenous digital video subtraction 
z ingiogram. The patient was. premedicated with 10 mg of 



















dine (Demerol®) and 2.5 mg of chlorpromazine (Tho- 
| for the procedure. She was placed supine on the flu- 


C table and an n 18F Teflon: catheter d 3 cm long was ; 7 crete indentation on n the dac 


























































FIGURE 2. Case 2. X-ray film after it ber 
Tightward indentation on 















| RE 4 4. ‘Case 2. Image from the levophase of the digital video sub- 
on angiogram shows the anatomy of the double aortic arch (also 
rain ener desinis in the inset). There i isa diverticulum shia 














age Ao. = ascending aorta: Desc Ao = de- 
c Seg = atretic segment; LA = left atrium; LCA 
eft su sg artery; RCA = n carotid 








clavian waite was. he deo visualized a a and a di- 


FIGURE 3. Case 2. Two dimensional echo- 
cardiographic stop frame shows a pattern of 
a bifurcating aorta almost identical to that seen 
in Figure 1 (right inset). The segment of the left 
arch is longer than that in Patient 1. The left 
arch appears narrowed near its origin. Ab- 
breviations as in Figure 1. 


placed percutaneously in the right internal jugular vein. The | 
angiographic plane was angled to allow a 15? cephalocaudal 
tilt and 20° left anterior oblique positioning. The angiographic 
suite for intravenous digital subtraction angiography at the 
University of Arizona consists of a CGR® biplane C-arm sys- 
tem with a modified Thompson-CS¥ 9-6-4 image intensifier. 
The image intensifier is optically coupled to an Amperex 45 
XQ Plumbicon television image tube incorporated into a 
modified Sierra Scientific® camera. The output signal from 
the intensifier-television system is digitized immediately and 
stored on a digital disk in VAX 11780 computer system.? 

While the patient was sleeping as a result of the premedi- 
cation, she was given 2 mg/kg of suceinylcholine and was then 
gently ventilated by mask with 40 percent oxygen. Control and 
angiographic images were obtained for later subtraction and 
for adjustment of technique. Immediately before the start of 
image acquisition and injection of radiographic contrast ma- 
terial, respiration was suspended for 12 seconds. Renogra- 
fin®-60, 6 cc, was injected intravenously and X-ray images 
were obtained in the 6 inch (15.24 em) mode, digitized and fed 
into the computer at a rate of 1 imaze/s during the 12 second 
period of apnea. The patient was then ventilated for several 
minutes until the effect of the succinylcholine wore off, ob- 
served in the recovery room and returned to the pediatric 
ward. 

The ievophase image produced after logarithmic sub- 


traction (Fig. 4) disciosed that the larger aortic arch descended. __ 


on the right side and gave rise to the right carotid and right 
subclavian vessels from separate orifices. The left-sided aortic 
arch was smaller and was basically a left innominate artery. 
The distal portion of the left aortic arch beyond the left sub- 



































both the: pediatric cardiac and inris a clinics at 
Jniversity of Arizona because of a history of chronic upper 
atory infection and intermittent hoarseness. He had 
spitalized elsewhere on four occasions during the 

years with recurrent left upper lobe and right 

lobe pneumonia. X-ray examination after barium 
btained by his pediatrician was interpreted as 
suggesting double aortic arch. Bilateral circumscribed in- 
dentations were seen on the barium-filled esophagus. On 
physical examination, this well developed, cooperative child 
had minor respiratory rhonchi but no other abnormal physical 
findings. No cardiac murmurs were noted. The electrocardi- 


- ; ogram and M mode echocardiogram were within normal 


limits. 
A two dimensional echocardiogram performed with a 
Toshiba SSH 10A sector scanner was within normal limits 


except in the subcostal view. The subcostal left ventricular 


outflow view was obtained with significant difficulty but, 
during deep inspiration, the scan could be tilted anteriorly to 


.. include the area above the aortic valve where an image of 


- aortic bifurcation was noted, a pattern quite similar to those 
..in Figures 1 and 3. 
. For more definitive confirmation of the anatomy of the 
aortic arch, a contrast-enhanced intravenous digital video 
subtraction angiogram was obtained. The patient was pre- 
medicated with 20 mg of Demerol and 10 mg of Thorazine. An 
18 gauge short Teflon? catheter was placed in the right an- 
- tecubital vein. The patient was rehearsed for breath-holding, 


Um < which he could easily accomplish for 15 to 20 seconds, on 


"command. After positioning of the angiographic apparatus 
with a 20° caudal to cranial tilt and 20° right anterior oblique 
positioning, the patient was instructed to hold his breath at 
J| deep inspiration while control images were recorded. Imme- 
diately before initiating image acquisition and injecting con- 
trast material, the patient was instructed again to hold his 
breath, and 25 cc of Renografin-60 was injected intravenously 
while X-ray images were recorded in the 12 inch (30.48 cm) 
mode. The images were digitized and processed in a fashion 
-identical to that used for Patient 2. The levophase image (Fig. 
::5) showed the larger aortic arch on the right and suggested 


us -interruption of the left aortic arch distal to the left subclavian 


artery. 
vec At operation, the left aortic arch was found to be atretic 


x between the left subclavian artery and the descending aorta. 


The atretic segment was divided as was a small ductus liga- 
ment. 


Discussion 
In all three patients studied, both two dimensional 


ps | echocardiography and intravenous angiography proved 
. - important aids in substantiating a diagnosis of double 


aortic arch and providing additional anatomic infor- 


| mation. In visualizing the aortic arch abnormality, two 
- ^ dimensional echocardiography was a secondary test that 


‘substantiated the clinical impression and the results of 
he primary screening test, the X-ray examination after 
arium swallow. The second and more important role 
or echocardiography was in ruling out associated car- 

bnormalities and allowing a simpler angiographic 
the digital video. subtraction BhElogram. 


FIGURE 5. Case 3. Digital video subtraction angiogram image shows 
double aortic arch with interruption of the left-sided arch between the. 
subclavian artery and a descending aortic diverticulum (arrow) in a 
pattern T similar to that shown in Figure 4, but with a shorter atretic 


Lange et al. first reported the subcostal four chamber 
view and the anterior angulation from it that allov 
evaluation of the left ventricular outflow tract. Bierman 
and Williams? pointed out that this view could be used, 
especially in infants, to image either (1) the pulmonary 
arterial bifurcation, as the vessel emerging from the le 
ventricle if the infant had transposition of the great 
vessels, or (2) asignificant portion of the ascending aorta 
in patients who did not have transposition and whose 
aorta originated from the left ventricle. In our patients 
the pattern of an aorta bifurcating a significant dista: 


The echocardiogram in all three patients sho 
tee right arch component. In the last two ps Li 
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c arch. H owever, thè four chamber view obtained 
1 a subcostal location involves far field imaging and 
aS much more difficult to obtain in the older patient 
Case 3) than in the two infants; it was obtained only 
ith significant patient cooperation. 
Role of intravenous angiography: The com- 
ter-based digital video subtraction angiographic 
ystem providing high resolution imaging of arterial 
natomy after an intravenous injection was available 
| Arizona for evaluation of the last two patients. It has 
been shown to be an effective alternative to routine 
i ingiography? i in cerebrovascular disease, and we believe 
that i it is capable of providing differential diagnosis of 
ortic arch abnormalities. In both Patients 2 and 3 in- 
'avenous angiography confirmed double aortic arch 
and identified the absence of a lumen distal to the 
ubclavian artery allowing the subclassification (type 
B) of the type of double aortic arch. Our experience 
iggests that it could potentially obviate the need for 
erial catheterization to image the aortic arch for 
valuation of congenital lesions of the arch in selected 
: tients who do not have other signs of associated heart 





E L6, Edwards JE. Anomalies of the thoracic aorta: pathologic 
tions. Prog Cardiovasc Dis 1973;:16:25—41. 
incaid OW, Edwards JE. An Atlas of Vascular Rings 
M formations of the Aortic Arch System. Springfield, 
ries | Thomas, 1964:19—30. 
2 C, Ovitt TW, Fisher HD ill. intravenous angiography 
video subtraction: intravenous cervical cerebrovascular 
apy: | Am J Neuroradiol! 1980; 1:379-86. 
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suspend respirations for the 15 to 20 seconds necessary - 
to record the control frames and the levophase. How- 
ever, in infants, neuromuscular blockade and ventilation 
by bag and mask with sedation may be required as in 
our second patient. Nonetheless, we believe that these 
procedures are potentially less traumatic and entail 
fewer risks than retrograde arterial catheterization 
which, in small infants, may carry a significant risk of | 
vascular damage. Although angiographic imaging. is- 
controversial, we believe, as do others? that it is re- 
quired to determine the best surgical approach because - 
some vascular rings are best approached through a right - 
thoracotomy. 

Implications: We have reported on the use of a two 
dimensional echocardiographic view that allows iden- 
tification of a pattern that suggests double aortic arch 
and allows an evaluation of the relative size of the two 
arches. It serves as a secondary screening test to be used 
after X-ray examination after barium swallow. We have 
also reported the use of an intravenous contrast-en- 
hanced angiographic system to provide angiographic 
confirmation of double aortic arch in two patients. The 
combination of X-ray examination after barium swal- 
low, two dimensional echocardiography and intravenous 
digital video subtraction angiography provides a step 
by step, safe and comprehensive means of evaluating : 
the patient suspected of having a vascular ring. 5 
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OLIVAR PORTILLO, MD* - Electrophysiologic studies were performed in a patient wit 

-NELLY PORTILLO-LEON, MD* supraventricular tachyarrhythmias. Sinus and paced atrial beats ha 
|. LIAQAT ZAMAN, MD? complexes characteristic of atrioventricular (A-V) conductio 
_ AGUSTIN CASTELLANOS, MD, FACC' a manifest left lateral accessory pathway. (Wolff-Parkinson-W A 


2 z - Maracaibo, Venezuela | 
© Miami, Florida three different modes of Fe TOU ane atrial activation were demon 

















(left lateral or left paraseptal) accessory A-V pathway capable of ' 
grade conduction only. Type 2 tachycardia was of the slow-fast A-V noda 


pathway with long retrograde conduction times and anterograde’ con- 
duction through both the manifest left lateral accessory A-V pathway nc 
fast A-V nodal pathway. Premature ventricular beats delivered late in the 
cycle of this tachycardia advanced (but did not change) the retrograde 
atrial activity without affecting the timing of the corresponding anterogra E 
H deflection. In summary, this patient had five (three accessory and two - 

intranodal) pathways participating in three different types of A-V reci 
rocating tachycardia; the recurrence of these were Provera with. ra 
amiodarone therapy. e 
















Most surface electrocardiographic and intracardiac electrophysiolog 
studies dealing with multiple accessory atrioventricular (A-V) pathway 
in the Wolff-Parkinson-White syndrome have referred to the coexistenc 
of two A-V pathways.'-!? Only one report’ identified three distinct ac 
cessory A-V pathways in the same patient. In this communication w 
present the findings in a patient with the Wolff-Parkinson-White sy 
drome, type A who had three accessory A-V pathways and two A-V noda 
pathways participating in three types of A-V reciprocating tachycarc 
one of these involved a previously unreported circus movement. 





















Case Report 


À 65 year old man with the Wolff-Parkinson- White "m type 
referred for electrophysiologic evaluation because of recurrent sustained 
of eye Onia that had been present since Age 45. ated i 



















pressure, dyspnea, weakness and lightheadedness, Clinical examinat: re 
a grade 2/6 systolic murmur in the apical region. M mode and two dimer 
Fi om the Hospital General Del Sur, Maracaibo, echocardiographic findings were compatible with congestive ardia 
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After the procedure was explained to the patient and his ir 
obtained, three: electrode catheters w were sand Hi luc 
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sinus. Four surface leads (I, IT, IH and V4) were recorded si- 
multaneously with the His bundle electrographic lead and 
with the high right atrium and proximal coronary sinus leads 
| ising an Electronics for Medicine recorder at a paper speed 
of 100 mm/s. After placement of the electrode catheters, at- 
tempts were made to assess the atrial, A-V nodal, ventricular 
and accessory pathway refractory periods and conduction 
times as well as the modes of induction, termination and 
mechanisms of the tachycardias.!? Incremental pacing from 
| he high right Atrium and proximal coronary sinus was per- 
formed until the atria could no longer be captured or until 2:1 
-V block occurred. The patient was not receiving antiar- 
rhy hmi drugs at the time of the study. 


500 ms 












FIGURE 1. QRS configuration resulting from A-V 
conduction through the manifest left lateral accessory 
pathway during sinus rhythm, high right atrial (HRA). 
pacing and proximal coronary sinus (CS) pacing. H 7. 
His bundle deflection in the His bundle electrographic | 
(HBE) lead; S, = driving stimulus artifact. 


Results 


Electrophysiologic studies during sinus rhythm: The 
P-R and A-H intervals were 130 and 100 ms, respectively. 
Inscription of the H deflection occurred 10 ms before the onset 
of ventricular depolarization, The QRS duration was 100 ms 
(Fig. 1, left panel). At similar paced atrial rates the degree of 
preexcitation was always greater from the proximal coronary 


sinus than from the high right atrium (Fig. 1, middle and right 
panels). The QRS complexes resulting from predominant or > 
exclusive accessory pathway conduction had a Wolff-Par- 


kinson-White, type À configuration characterized by right axis 


deviation of the main QRS forces, an all positive complex (Ro. 


wave) in lead V;, positive delta waves in the latter, as well as 
in leads II, HI and aVF, and slightly negative delta waves in 
lead I. The QRS duration was 140 ms. These findings are in 
keeping with:an accessory A-V pathway located in the free wall 
of the left ventricle (Fig. 1, right panel). 

Pacing with the extrastimulus technique showed that the 
degree of preexcitation Increased as the coupling intervals : 
decreased. The effective refractory period of the accessory 
pathway could not be determined because the atria became 
refractory ata stimulus 1 to stimulus 2 (81-55) interval of 285 
ms while 1:1 A-V conduction was still occurring through the 
accessory pathway. The shortest atrial electrogram 1 to atrial 


electrogram 2 (A:—AÀ5) interval achieved in the proximal cor- H 


onary sinus lead was 315 ms during pacing from the high right. 


atrium. The effective refractory period of the A-V nodealso. 
could not be determined because the anterograde His bundle 
(H) deflection was lost within the ventricular electrogram of =~ 
the His bundle electrographic lead at shorter coupling inter- = 


vals. 
A-V reciprocating tachycardia triggered from the high 
right atrium: Although no arrhythmias were induced from . 


the proximal coronary sinus, two types of A-V reciprocating — 


tachycardia could be triggered from the high right atrium. As 
previously mentioned, preexcitation from the latter site in- 
creased as the coupling intervals were shortened. However, 
an unexpected finding was that when the Aj~Aginterval was ^ 
325 ms in bas a coronen sinus lead, the dead in sim mu 













































f the first type of A-V reciprocating 
with. anterograde conduction occurring 
low- A-V octet e pads and ventriculoatrial 


The atrial activation sequence of the 

ave that initiated the tachycardia (as well 

hat of the P waves occurring during the tachycardia) 

.. was similar to that of the Ae in Figure 2. As in Figure 1, 
> A refers to atrial deflections in the proximal coronary 
—. sinus leads. 


: ae retrograde atrial impulse (labeled Ae) reentered the ventricles 
- c through the manifest left lateral accessory A-V pathway, 
^^ thereby producing a QRS complex similar to that induced by 


Ae. 


Boe «When the A,—A¢e interval was 320 ms and the Ao-Ae interval 


-215 ms (Fig. 3), Ae did not penetrate the manifest left lateral 
accessory pathway in an anterograde direction, presumably 
ecause the latter was effectively refractory. Therefore, Ae 
yas conducted in anterograde fashion through the slow A-V 
odal pathway to initiate an A-V reciprocating tachycardia 
vith the same retrograde atrial activation sequence. The 
corresponding retrograde P waves were negative in lead I (last 
- parts of Fig. 3). 
—. The appearance of Ae after a QRS complex resulting from 


exclusive conduction through the manifest left lateral A-V 
" accessory pathway and the relatively short ventriculoatrial 


(V-A) conduction time with a proximal coronary sinus to 


septal right atrial interval of 50 ms suggest that retrograde 


conduction occurred through another (left lateral or left 


M paraseptal) accessory A-V pathway. The latter was “con- 


cealed" in the sense that it conducted only in a retrograde 
direction.?-!?* According to Puech and Grolleau,!* a negative 
P wave in lead I is more suggestive of a left lateral pathway. 

- It is possible that at À1-À» intervals greater than 325 ms the 


2 r _ premature atrial impulses conducted through the manifest 
left lateral accessory A-V pathway also penetrated to some 


- extent the second (left lateral or left paraseptal) accessory 


- ` pathway. If the effective refractory period of the latter had 


E 4. Onset of the second type of A-V recipro- 

tachycardia. During the tachycardia antero- 

onduction occurred through the slow A-V 

W and piga BEA through the 
athw ‘ized b 


Ay (585) 


^1 (320) A2 (275) Ae 


been 325 ms, then premature atrial impulses reachin 
ventricles at short, or shorter, Aj-Ag intervals cou! 
penetrated this pathway in a retrograde direction to 
echo beats or runs of A-V reciprocating tachycardia. 
Pe ond type of A-V reciprocating tachycardia M 


beat (Ae) similar to that shown in Fi igures 2 and 3, this: se 
type of tachycardia, when established, involved the slow A. 
nodal pathway in an anterograde direction and the fast A-\ 
nodal pathway in a retrograde direction. Use of the latter 
suggested by the short V-A conduction time, the septal hi 
atrium to proximal coronary sinus retrograde atrial activation 
sequence and the positive P wave in lead I (Fig. 4). Moreover, 
spontaneous changes from type 2 tachycardia to type 1 were 
seen (Fig. 5) when sudden and unexpected retrograde blo ck 
in the fast A-V nodal pathway allowed V-A conduction tc 
occur through the second (left lateral or left paraseptal) ac- 
cessory pathway (that which apparently had conducted in a 
retrograde direction only in Figs. 3 and 4). 

Third type of A-V reciprocating tachycardia: Final ' 
a third type of A-V reciprocating tachycardia (rate 127 to 
135/min) was initiated during right ventricular apical pacing 
with the extrastimulus technique (Fig. 6). Driven and lat 
premature ventricular beats reached the atria either ex 
sively through the fast A-V nodal pathway (as suggested 
the septal right atrial to proximal coronary sinus sequen 








- left lateral or left paraseptal) accessory pathway. In the latter 
case, conduction through the concealed accessory pathway 
would not be recognized because of the earlier retrograde ac- 
tivation at the septal right atrium. Conceptually, however, the 
resulting (negative) P wave would be a “fusion” complex. 

At a V,-V» interval of 385 ms the V-A conduction time 
uddenly increased and the intervals between atrial electro- 
grams changed. Although atrial activity was first detected in 
the proximal coronary sinus, it occurred only 15 to 20 ms 
earlier than that in the septal right atrium. Furthermore, the 
: corresponding P waves were negative in leads II and III di- 
 phasic (negative positive) in lead I and flat (slightly diphasic) 
in lead Vi. The latter configuration occurred even though 
sinus P waves, such as the last one in the top panel of Figure 
4, were positive in this lead (V1). These findings are in keeping 
h V-A conduction through an accessory pathway with long 
retrograde conduction time, (or an "ectopic" A-V node) rather 
than through the slow A-V pathway.!5-? The tachycardia thus 
initiated had a long R-P and a short P-R interval. Anterograde 
conduction involved both the fast A-V nodal pathway (as 
termined by the short A-H interval) and the manifest left 
eral accessory pathway (as determined by QRS configu- 














“FIGURE 5 B. DTP transition iom the 
Siow-fast A-V nodal pathway tachycardia to the 


or left paraseptal) accessory A-V pathway 
`. tachycardia. The retrograde atrial activation se- 


quence and a positive P wave in lead 1. The ret- 


characterized by a proximal coronary sinus to 
septal right atrial sequence and a negative P wave 
in lead |, 


in the cycle (slightiy before the moment of inscription of the 
anterograde H deflection) advanced the subsequent atrial 
activity by 35 ms without changing the sequence of retrograde 
atrial activation (Fig. 7, bottom panel). 

Termination and control of tachycardia: Spontaneous 
termination of this tachycardia was preceded by a prolonga- 
tion of the ventriculoatrial interval with corresponding pro- 
longation of the R-R interval. In the top panel of Figure 7 this 
coincided with a premature beat arising in the high atrium. 

All three types of tachycardia have been controlled in this 
patient after oral administration of amiodarone, 600 mg daily 
for 7 days followed by 200 mg daily. 


Discussion | 
Double accessory A-V pathways in Wolff-Par- 


kinson-White syndrome: Denes et al.? were the first 


__ Siow A-V nodal pathway “concealed” (left lateral _ 

































a quence of the former was characterized by a | 
"=. septal right atrial to proximal coronary sinus se- 


rograde atrial activation sequence of the latter was 7 


to demonstrate, electrophysiologically, the occurrence 


of two (bilateral) accessory A-V pathways. In their case, 
as well as that of Cinca et al.,!? evidence of a right lateral 
accessory pathway was provided by increasing degrees 
of preexcitation during right atrial pacing, and the ex- 
istence of a concealed, left-sided (conducting in a ret- 
rograde direction only) accessory pathway was proved 


by the proximal coronary sinus to septal right atrial — 


activation sequence observed during ventricular pacing 
and A-V reciprocating tachycardia. 
Gallagher et al.? found multiple pathways in 20 


FIGURE 6. Initiation of a third type of A-V recipro satir go da 
tachycardia during ventricular apical. pacing. with the = 
| Paranta esea This. tages involved a Es 




















c tion" (which need 
pass tract) and Mahaim 
À A-N oriona) d 





























e aient); wes lateral el pen (ivo 
lateral and septal (one patient), and left 
ft lateral, that is, homolateral (one patient). 
d Wellens et al.!? presented intracardiac 
lings in which ventricular pacing at increasing 
les exposed the existence of what they called, re- 
spectively, “two concealed Kent bundles" and “two 
_ left-sided accessory pathways." Although these patients 
manifested several types of reciprocating tachycardia, 
... the reentrant circuits could include not more than two 
¿= accessory pathways because this was the maximal 
< number of accessory A-V pathways present in these 
c patients. H}? 
| Accessory A-V pathways with long retrograde 
. -eonduction times: The events depicted in Figures 6 
^ A and 7 are consistent with retrograde conduction through 
|. anaccessory A-V pathway with long conduction times 
or through the slow pathway of an “ectopic” A-V 
node! 15-27 Tf the latter were to be the anatomic sub- 
— strate, then it is conceivable for the short V-A intervals 
. im Figure 6 to have repeated retrograde conduction 
eS through the fast pathway of the “ectopic” A-V node. 
We emphasize that the preexcitation of the atria 
oe (with the same retrograde sequence) caused by pre- 
— - mature ventricular beats that did not interfere with the 
- timing of the oncoming anterograde H deflection (Fig. 
T) only indicated that the impulse did not traverse the 
His bundle in a retrograde direction. Thus, retrograde 
conduction by way of a nodoventricular (Mahaim) tract 
connected to the slow A-V nodal pathway may have 
been present. The slightly different sequence of atrial 
activation occurring when the V-A intervals were long 
-= does not exclude this type of connection because Sung 
- and Waxman? have shown that the atrial activation 
^. sequence of retrograde slow A-V nodal pathway con- 
^. duction may not be the same as that of the fast A-V 
> nodal pathway. This intriguing possibility would make 
. the tachycardia depicted in Figures 6 and 7 even more 
interesting because most published reports?9-?6 indicate 
that when a nodoventricular (Mahaim) tract partici- 
. pates in the tachycardia circuit, it is used for antero- 
» grade (not retrograde) conduction in most cases. 
Previously reported examples of A-V reciprocating 
" ycardias involving retrograde pathways with long 
intervals were different from the tachycardia de- 
| in Figures 6 and 7 in that (1) anterograde con- 
duction did not occur through a manifest left lateral 
cessory A-V pathway; (2) the ventricular complexes 
ng sinus rhythm and atrial pacing did not show a 
'arkinson- White configuration; and (3) although 
occasions a second type of reciprocating tachy- 
is also present, the latter was of the slow-fast 
type only. As far as we know there is no 














































: volving an accessory pathway with long 


^T eport. dealing with a reciprocating A-V 


(70) — A 5 u35) A 


FIGURE 7. Spontaneous termination of the A-V reciprocating tach 
cardia with a tong ventriculoatrial conduction time (top panel). A single 
right ventricular apical premature beat delivered late in the tachycard a 
cycle (bottom panel) was able to advance subsequent atríal activit 
without affecting the timing of the oncoming (third). anterograde 
bundle deflection. This advanced atrial activity had a sequence of 
rograde atrial activation identical to that occurring during the tach: | 
cardia. The latter proved that the retrograde limb of the dde ad 
not include the His bundle. | 


V.A conduction times (retrograde direction) and both 
a manifest left lateral accessory pathway and a fast A- 
nodal pathway (anterograde direction) (Fig. 6 and 
7). 





Three accessory A-V pathways in Wolff-Par- 
kinson-White syndrome: A few investigators have re- 
ported the coexistence of three accessory pathways. 
Sealy and colleagues‘ observed that only 1 of their 106 
patients with the Wolff-Parkinson-White syndrom 
who underwent intracardiac surgery for intractable 
arrhythmias had three “anomalous atrial to ventriculi 
connections." In our patient, the impulses. traver 
three accessory A-V pathways (manifest left latera 
concealed left lateral or left paraseptal, and an access 
pathway with long retrograde conduction times) : 
two (fast and slow) A-V nodal pathways. Antero; 
and retrograde conduction through these five pa 
resulted in three distinct types of A-V recip 
tachycardia (Fig. 3 to 7). i 

Clinical implications: Figures 1 to 7 costoh 
that the identification of two accessory A-V pat 
in electrophysiologic studies should not stop add 
efforts to detect a third pathway.’ Furthe 
knowing that three pathways are present is esse: 
patients with drug-resistant or incessant 
rhythmia who are considered candidates fo 
chycardia) pacemaker implantation, for 
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ablation (with struct catheter. eomm ju 












































. QUINTUPLE PATHWAYS IN PREEXCITATION SYNDROME—PORTILLO ET AL. 


interruption of the His bundle and the manifest left 
lateral accessory pathway. 

Although amiodarone has successfully controlled the 
arrhythmias in one patient for 25 months, in other pa- 
tients the coexistence of three accessory pathways may 
cause resistance to pharmacologic treatment as well as 
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1/ LOPID LOWERS ELEVATED SERUM LEVELS of THE 
VLDL FRACTION ( very-low-density lipoproteins implicated. 
in dyslipidemia). 


Studies in humans also show LOPID inhibits peripheral li polusis and decreases h epatic 
extraction of free fatty acids — thereby reducing hepatic triglyceride pi roduction. 


LOPID also irhibits synthesis of VLDL carrier apoproteins, thereby dec Teasing - 
VLDL production. 


2/ LOPID MAYALSO RAISESERUM LEVELS 
of THE HDL FRACTION (high-density | 
lipoproteins believed to transport cholesterol to 


the liver for catabolism and excretion). 
Studies in animals suggest LOPID may also accelerate hepatic 
turnover and removal of cholesterol — thereby increasing 
cholesterol excretion. 
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.B LARGEST STUDY '(U.S. MULTICENTER 
STUDY, 427 PATIENTS) DEMONSTRATES 
LIPID-REGULATING PROFILE OF 
LOPID” (gemfibrozil) SEEN IN ALL U.S. 
AND IN TERNATIONAL STUDIES’ 


Summary of results with LOPID in controlled phase of US Multicenter Study: 
average percent change from baselines at recommended dosage: 1200 mg/day!" 
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Difference between groups significant: Tp-<O.01 fp<0.05 
E Type Ha N = 54 . Type ilb N = 48 [ ] Type IV N = 108 


* Data cited on this graph reflect clinical experience based on the multicenter trial. Ht does not 
imply an indication for types Ha and Hb dvslipidemias. 





o LOPID DID NOT PRODUCE 
SIGNIFICANTABNORMALITIES IN 
CLINICAL AND LABORATORY 
EVALUATIONS' 









No. of Patients 
Evaluated 


Clinically Significant 
Abnormalities* 






Studies 









Hematologic 591 None 
Liver Function 529 None 
Renal Function 427 None 
Lithogenic Potential 375 Limited (196/year) 
Ophthalmologic 551 None 
ECG 468 None 





* Cevasienal laboratory, deviations have been reported. Appropriate periodic tests are recommended. 


o LOPID OFFERS CONVENIENT 
BID D OSAGE —two 300-mg capsules, taken 30 


minutes before morning and evening meals. 


Please see last page of this advertisement for brief summary of prescribing 
information. Diet, exercise, and weight loss are first choice in therapy of lipid 
disorders. 

Monograph of clinical and laboratory studies available upon request. 
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LOPID* (gemfibrozil) Capsules 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


CLINICAL PHARMACOLOGY. LOPID is a lipid regulating agent which lowers elevated 
serum lipids primarily by decreasing serum triglyceride with a variable reduction in total 
serum cholesterol. These decreases occur primarily in the very low density lipoprotein 
(VLDL) fraction and less frequently in the low density lipoprotein (LDL) fraction. In addition, 
LOPID may increase the high density lipoprotein (HDL) cholesterol fraction, an action con- 
sidered of possible benefit to inhib tion of the atherosclerotic process. 

The mechanism of action has not been definitively established. In man, LOPID has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty 
acids, thus reducing hepatic triglyceride production. LOPID also inhibits synthesis of VLDL 
carrier apoprotein, leading to a decrease in VLDL production. 

Animal studies suggest that LOPID may, in addition to elevating HDL cholesterol, reduce 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of cholesterol from the livet, and increase excretion of cholesterol in the feces 

LOPID is well absorbed from the gastrointestinal tract after oral administration. Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following single 
doses and 1.3 hours following multiple doses. Plasma levels appear proportional to dose 
and do not demonstrate accumulation across time following multiple doses. 

LOPID mainly undergoes oxidation of a ring methyl group to successively form a hydroxv- 
methyl and a carboxyl metabolite. Approximately seventy percent of the administered 
human dose is excreted in the urine, primarily as unchanged gemfibrozil. Six percent of the 
dose is accounted for in the feces 

In a large, controlled multicenter trial of 427 patients, lipid and lipoprotein changes from 
average baseline (%) by hyperlipoproteinemic (HLP) type are summarized below tor those 
patients receiving gemfibrozil, 1200 mg/day, at the end of 12 weeks. 











TRIGLYCERIDE CHOLESTEROL RATIO: 
HLP Total VLDL LDL HDL HDL Cholesterol 
Type Total Cholestero! 
lla —4496 —4 2% —44 3% —5 8% +24 6% +33% 
IIb —45% —8 6% —45 0% —6.4% +19 5% +34% 
IV —4096 — 1.896 —40.896 +14.6% +17.4% +23% 








INDICATIONS AND USAGE. Drug therapy should not be used for the routine treatment of 
elevated blood lipids for the prevention of coronary heart disease. Dietary therapy specific 
for the type of hyperlipidemia is the initial treatment of choice. Excess body weight and 
excess alcoholic intake may be important factors in hypertriglyceridemia and should be 
addressed prior to any drug therapy. Physical exercise can be an important ancillary 
measure. 

Contributory diseases such as hypothyroidism or diabetes mellitus should be looked for 
and adequately treated. The use c! drugs should be considered only when reasonable 
attempts have’been made to obtain satisfactory results with nondrug methods. If the deci- 
sion is to use drugs, the patient should be instructed that this does not reduce the impor- 
tance of adhering to diet. 

Because of chemical, pharmacological, and clinical similarities between gemfibrozil and 
clofibrate, and the adverse findings with clofibrate in two large clinical studies (see Warn- 
ings), use of gemfibrozil should be restricted to the following indications. 

LOPID may be considered for the treatment of adult patients with very high serum triglyc- 
eride levels (type IV hyperlipidemia) who present a risk of abdominal pain and pancreatitis 


A and who do not respond adequately to a determined dietary effort to control them. Patients 


_ with triglyceride levels in excess ct 750 mg per deciliter are likely to present such risk 


LOPID (gemfibrozil) has little effect on elevated cholesterol levels in most subjects. A 
minority of subjects show a more proncunced response. However, it must be understood 
that there is no evidence that use cf any lipid-altering drug will be beneficial in preventing 
death from coronary heart disease (See WARNINGS). Theretore, the physician should be 


very selective and confine gemfibrozil treatment to patients with clearly defined risk due tc 


severe hypercholesterolemia (eg, individuals with familial hypercholesterolemia starting ir 
childhood) who inadequately respond to appropriate diet and more effective cholesterol- 
lowering drugs. 

LOPID is not useful for the hypertriglyceridemia of Type | hyperlipidemia 

The biochemical response to gemfibrozil is variable, and it is not always possible to pre- 
dict from the lipoprotein type or other factors which patients will obtain favorable results. Itis 
essential that lipid levels be assessed and that the drug be discontinued after three months 
in any patient in whom lipids do nat show significant improvement 

The effect of drug-induced reduction of serum cholesterol or triglyceride levels or eleva- 
tion of HDL cholesterol levels on morbidity or mortality due to coronary heart disease has no! 
been established. Severa! years may be required before ongoing long-term investigations 
will resolve this question. 
CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary biliary 
cirrhosis. 

2. Preexisting gallbladder disease. (See Warnings). 

3. Hypersensitivity to gemfibroz I. 
WARNINGS. 1. Because of chemical, pharmacological, and Clinical similarities between 
gemfibrozil and clofibrate. the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil In the first of those studies, the Coronary Drug Project, 100C 
subjects with previous myocardial infarction were treated for five years with clofibrate. There 


was ho difference in mortality between the clofibrate-treated subjects and 3000 placebo- 


treated subjects, but twice as many clofibrate-treated subjects developed cholelithiasis and 
cholecystitis requiring surgery. In the other study. conducted by the World Health Organiza- 
tion, 5000 subjects without known coronary heart disease were treated with clofibrate for 
five years and followed one year beyond. There was a statistically significant 3696 higher 
total mortality in the clofibrate-treated than in a comparable placebo-treated control group. 
The excess mortality was due to noncardiovascular causes. including malignancy. postcho 
lecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated subjects 
for gallbladder disease was confirmed. 

2. Long-Term Toxicity and Animal Tumorigenicity Studies: Long-term studies have been 
conducted in rats and mice at one and ten times the human dose. The incidence of beniga 
liver nodules and liver carcinomas was significantly increased in high dose male rats. The 
incidence of liver carcinomas increased also in low dose males, but this increase was not 
statistically significant (p greater than 0.05). There were no statistically significant differ- 
ences from controls in the incidence o! liver tumors in female rats, and in male and female 
mice. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
following LOPID administration to the male rat. Similar changes have not been found in the 
human liver 
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Male rats had a dose-related increase of benign Leydig ce!l tumors. Subcapsular bilateral 
Cataracts occurred in 10%, and unilateral in 6.3% of the high dose males A 

3. Since a reduction of mortality from coronary artery disease has not been demonstrated 
and liver and interstitial cell testicular tumors were increased in male rats, LOPID should be 
administered only to those patents described in the Indications and Usage Section. If a sig- 
nificant serum lipid response is not obtained, LOPID should be discontinued 

4. Cholelithiasis — LOPID may increase cholesterol excretion into the bile leading to chole- 
lithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID therapy . 
shouid be discontinued if gallstones are found. 

5. Concomitant Anticoagulants — Caution should be exercised when anticoagulants are 
given in.conjunction with LOPID. The dosage of the anticoagulant should be reduced to 
maintain the prothrombin time at the desired level to prevent bleeding complications. Fre- 
quent prothrombin determinations are advisable until it nas been definitely determined that 
the prothrombin level has stabilized 
PRECAUTIONS. 1. /nitial Therapy — Before instituting LOPID (gemfibrozil) therapy, every 
attempt should be made to control serum lipids with appropriate diet, exercise. weight loss 
in obese patients, and other medica! problems such as diabetes mellitus and 
hypothyroidism. 

2. Continued Therapy — Pretreatment laboratory studies should be performed to ensure 
that patients have abnormal levels of serum lipids. Pericdic determinations of serum lipids 
should be obtained during LOPID administration. The drug should be withdrawn after three 
months if the lipid response is inadequate 

3. Seasonal Variation of Lipid Levels — LOPID is not expected to alter seasonal variations 
of higher serum lipid values in midwinter and late summer or the lower values in fall and 
spring. 

4. Impairment of Fertility — Administration of approximately three and ten times the human 
dose to:male rats for 10 weeks resulted in a dose-related decrease of fertility Subsequent 
studies. demonstrated that this effect was reversed afte: a drug-free period of about eight 
weeks, and it was not transmitted tc their offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at doses 
3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. These 
studies have revealed no evidence of impaired fertility in females or harm to the fetus due to 
LOPID. Minor fetotoxicity was manifested by reduced birth rates observed at the high dose 
levels. No significant malformations were found among almcst 400 offspring from 36 litters 
of rats and 100 fetuses from 22 litters of rabbits 

There are no studies in pregnant women. In view of the fact that LOPID is tumorigenic in 
male rats, the use of LOPID in pregnancy should be reserved for those patients where the 
benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
male rats, a decision should be made whether to discontinue nursing or discontinue the 
drug. taking into account the importance of the drug to the mother 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell décreases 
have been observed in occasional patients following initiation of LOPID therapy However, 
these levels stabilize during long-term administration. Therefore. periodic blood counts are 
recommended during the firs! 12 months of LOPID adrrinistration 

8. Liver Function — Abnormal liver function tests have been observed occasionally during 
LOPID administration. including elevations of SGOT, SGPT, LDH, and alkaline phosphatase 
These are usually reversible when LOPID is discontinued. Therefore periodic liver function 
studies are recommended and LOPID therapy should be terminated if abnormalities persist 

9. Cardiac Arrhythmias — Although no clinically significant abnormalities occurred that 
could be attributed to LOPID. the possibility exists that such abnormalities may occur 

10. Use in Children — Safety and efficacy in children have not been established 
ADVERSE REACTIONS. In controlled clinical trials of 305 patients, including 245 who 
received LOPID for at least one year, the most frequently reported adverse reactions associ- 
ated with LOPID involvec the gastrointestinal system. In decreasing order of frequency, 
these were abdominal pain (6.0%) epigastic pain (4 995), diarrhea (4.8%), nausea (4.096). 
vomiting (1.6%), and flatulence (11%). Other adverse reactions where the probability of a 
causal relationship to LOPID therapy exists are listed by system. 

Integumentary: rash, dermatitis. pruritus, urticaria 

` Central Nervous System: heacache. dizziness. blurred vision 

Musculoskeletal: paintul extremities 

Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is diffi- 
cult to establish, thus the physician should be alert to these occurrences. Reports of viral 
and bacterial infections (common cold, cough, and urinary tract infections) were more com- 
mon in gemfibrozil than in placebo-treated patients 
Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo. insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, SGPT. 
LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg adminis- 
tered in two divided doses 30 minutes before the morning and evening meal. Some patients 
will experience therapeutic effects on 900 mg/day. a fw may require 1500 mg/day for satis- 
factory results 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL). THE DOSAGE OF THE 
ANTICOAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS FREQUENT PRO- 
THROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY 
DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED 

MANAGEMENT OF OVERDOSAGE. While there has been no reported case of overdos- 
age, symptomatic supportive measures should be taken should it occur 
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Electrophysiologic evaluation in an 18 year old youth with the Wolff- 
Parkinson-White syndrome who had a sudden cardiac arrest while playing 
racquetball revealed two types of paroxysmal reciprocating tachycardia: 
(1) A normal QRS tachycardia with a short ventriculoatrial (V-A) interval 
fulfilled the criteria for reentry within the atrioventricular (A-V) node; and 
(2) a wide QRS tachycardia with a QRS configuration of maximal 
preexcitation was demonstrated to be the result of an antidromic mech- 
anism. 

During laboratory study, the wide QRS tachycardia spontaneously 
degenerated into atrial fibrillation. In the basal state, the shortest R-R 
interval between preexcited QRS complexes was 270 ms, but after infu- 
sion of isoproterenol (1.6 ug/min intravenously), the shortest R-R interval 
became 180 ms. Consequently, this electrophysiologic study suggested 
that evolution of antidromic reciprocating tachycardia into atrial fibrillation 
with a rapid ventricular response during exercise-induced catecholamine ~ 
release may have been the mechanism for ventricular fibrillation in this — 
patient. 


Accessory A-V connections in patients with the Wolff-Parkinson-White — 
syndrome may participate in a variety of paroxysmal tachycardias, and — 
substantiation of the rhythm diagnosis often requires detailed electro- _ 
physiologic evaluation. Most commonly observed is a reciprocating 
tachycardia in which the reentrant circuit utilizes the accessory con- — 
nection in the retrograde (V-A) direction, and the resulting QRS complex 
is normal or manifests bundle branch block aberration (orthodromic | 
tachycardia).!:2 Occasionally, a reciprocating tachycardia may involve 
anterograde conduction in the accessory connection (antidromic 
tachycardia), thereby resulting in QRS complexes exhibiting maximal 
ventricular preexcitation. Furthermore, reciprocating tachycardia due 
to reentry within the A-V node has been reported to occur in patients - 
with the Wolff-Parkinson-White syndrome and may result in a parox- 
ysmal regular tachycardia with preexcited QRS complexes that mimics 
antidromic tachycardia.*®’ In addition to reentrant tachycardias, atrial 
fibrillation or atrial flutter, or both, may occur and, in the presence of . 
an accessory A-V connection with a short refractory period in the an- - 
terograde direction, these arrhythmias have been associated with the 
development of ventricular fibrillation.5? 

We present the results of electrophysiologic evaluation and surgical 
treatment of a young man with the Wolff-Parkinson-White syndrome 
who presented with an episode of ventricular fibrillation. Electrophys- 
iologic evaluation disclosed reciprocating tachycardias of both the A-V 
nodal reentrant and antidromic types. During an episode of antidromic 
tachycardia spontaneous transition to atrial fibrillation occurred, rep- 
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resenting a possible mechanism for development of 
ventricular fibrillation in this patient. 


Case Presentation 


The patient, a previously healthy 18 year old white youth, 
collapsed while playing racquetball. He was found to have 
ventricular fibrillation, and he underwent successfully defi- 
brillation after a prolonged period of attempted cardiopul- 
monary resuscitation. The initial 12 lead electrocardiograms 
were characteristic of the Wolff-Parkinson-White syndrome 
and also showed marked anterolateral S-T segment elevation 
that resolved over a period of several days. Myocardial ne- 
crosis was documented by an elevation in serum cardiac en- 
zymes (creatine kinase and its MB fraction). The subsequent 
hospital course was characterized by a period of post-hypoxic 
encephalopathy from which he completely recovered. Sub- 
sequent angiographic evaluation demonstrated normal cor- 
onary arterial anatomy and anterolateral left ventricular hy- 
pokinesia. The patient was then referred to the University of 
Minnesota Hospitals for clinical electrophysiologic evalua- 
tion. 

Electrophysiological studies: Administration of all car- 
dioactive medications was discontinued for 72 hours before 
the electrophysiologic study. The study methods were stan- 
dard, and have previously been described in detail.5.10.11 Re- 
cordings were made on a multichannel photographic recorder 
(Electronics for Medicine VR-16) at paper speeds of 100 and 
50 mm/s. Intracardiac bipolar and unipolar electrograms were 
filtered at 40 to 500 hertz. Pacing and extrastimulus studies 
were performed utilizing an optically isolated programmable 
stimulator, and all electrical equipment was carefully 
grounded. 


Basic Clinical Electrophysiological Findings 


Incremental atrial pacing: At the onset of intracardiac 
electrophysiologic study the sinus cycle length was 780 ms, the 


ocs —" — —— fia i 
rn 


pe de 





Hi | ! 


inr. 


H-V interval was short and the QRS duration was prolonged 
to 130 ms (Fig. 1). During both right and left atrial pacing, the 
A-H interval increased progressively without any prolongation 
of the interval between the atrial potential and the onset of 
the delta wave. During incremental atrial pacing, the QRS 
configuration exhibited increasing degrees of preexcitation 
and the His bundle potential merged with the ventricular 
electrogram at a pacing cycle length of 320 ms. Subsequently 
the His bundle potential could be recognized during the ter- 
minal deflection of the ventricular complex (Fig. 1). Analysis 
of the delta waves in the electrocardiogram during maximal 
preexcitation suggested a posterior septal location of the ac- 
cessory A-V connection.! Refractory periods of the accessory 
A-V connection in the anterograde direction at the basic 
pacing cycle lengths of 600 and 400 ms measured 300 and 280 
ms, respectively. 

Incremental right ventricular and left ventricular 
pacing: During pacing, retrograde atrial activation was mid 
line (activation of low septal right atrium earlier than lateral 
right atrial wall or left atrium). The V-A conduction time 
measured to the proximal coronary sinus recording site pro- 
gressively increased from 150 ms at a pacing cycle length of 
700 ms, to 200 ms at a pacing cycle length of 300 ms. The atrial 
deflection in the His bundle electrogram could not be clearly 
identified at the longer pacing cycle lengths, but at cycle 
lengths shorter than 400 ms it preceded the proximal coronary 
sinus atrial electrogram by 30 ms. During right ventricular 
pacing at a cycle length of 300 ms, a retrograde His potential 
was observed with a right ventricular apex to His interval of 
60 ms. V-A Wenckebach block occurred at a pacing cycle 
length of 290 ms. During ventricular extrastimulus studies, 
the premature beat exhibited progressive lengthening of the 
ventricle-His interval with the effective refractory period of 
the A-V junction in the retrograde direction being less than 
210 ms at a pacing cycle length of 400 ms. These findings are 
consistent with V-A conduction through the A-V node, and 
they suggest absence of retrograde conduction through the 
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FIGURE 1. Recordings during sinus rhythm (NSR) and during right atrial (RA) pacing at progressively shorter cycle lengths (CL) illustrating the His 
electrogram (H) gradually being encompassed by and subsequently appearing at the terminal portion of the ventricular electrogram. Traces from 
top to bottom are surface electrocardiographic leads |, Il, Ill and intracardiac electrograms from the high lateral right atrium (HRA), His bundle (HBE), - 
right ventricular apex (RV), proximal coronary sinus (PCS), distal coronary sinus (DCS) and left ventricular anterior wall (LV). All intervals are expressed 


in ms. 
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FIGURE 2. Recordings illustrating the onset of narrow QRS tachycardia 
after termination of right ventricular pacing. Time lines represent 1,000 
ms. The tachycardia cycle length was somewhat variable (275 to 290 
ms) and a His potential (H) occurred before each ventricular depolar- 
ization. The short ventriculoatrial interval (20 ms) is consistent with 
reentry within the atrioventricular node. 


accessory connection. However, retrograde conduction 
through a septal accessory connection exhibiting atypical 
conduction features cannot be absolutely excluded.!? 


Electrophysiologic Assessment of Induced 
Tachyarrhythmias 


1. Narrow QRS complex tachycardia: Brief episodes of 
narrow QRS tachycardia (cycle length 275 to 320 ms), were 
induced by right ventricular pacing (Fig. 2) and spontaneously 
after termination of wide QRS tachycardia (see later). During 
narrow QRS tachycardia the H-V interval was normal, and 
the V-A interval measured in the right atrial electrogram was 
short (20 to 30 ms), and was most consistent with reciprocating 
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FIGURE 3. Twelve lead electro- 
cardiogram illustrating wide QRS 
tachycardia (cycle length 260 to 
* 270 ms). The QRS configuration 
suggests maximal ventricular 
preexcitation. 
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tachycardia due to reentry within the A-V node.!?-1? Further, 
although reentry solely within the atria cannot be unequivo- 
cally excluded, the absence of retrograde conduction in the 
accessory connection excludes the diagnosis of orthodromic 
tachycardia. Due to the presence of anterograde conduction 
in the accessory A-V connection, the demonstration of dis- 
continuous A-V conduction curves was not possible. 

2. Wide QRS tachycardia: Rapid right atrial pacing (cycle 
length 300 ms) consistently initiated a wide QRS tachycardia 
(cycle length 260 to 300 ms) in which the QRS configuration 


was identical to that observed during maximal ventricular 


preexcitation (Fig. 3). When the tachycardia cycle length was 
long (approximately 300 ms) a His potential was recorded 
after the ventricular electrogram with a right ventricular apex 
to His interval of 60 ms (Fig. 4). The latter interval was iden- 
tical to that recorded during right ventricular pacing (see 
preceding section). Furthermore, the intervals between acti- 
vation of the right ventricular apex and the atrial potential 
recorded in the His bundle electrogram were essentially 
identical (155 and 160 ms, respectively) during wide QRS 
tachycardia and during right ventricular pacing at comparable 
cycle lengths. During atrial pacing, the onset of wide QRS -. 
tachycardia was associated with gradual delay of His bundle 
activation with eventual appearance of the His potential after 
the ventricular apex-His delay (Fig. 4A). 

Several modes of termination of wide QRS tachycardia 
were observed. When the tachycardia cycle length was 300 ms, 
the last two to three tachycardia cycles showed shortening of 
the ventricular-His interval with merging of the His potential 
into the ventricular electrogram and concomitant shortening 
of the tachycardia cycle length to between 260 and 270 ms. 
Subsequently, the tachycardia was interrupted, usually after 
recording the atrial potential (Fig. 5). 

An antidromic mechanism best explains the wide QRS 
tachycardia observed in this patient. First, evidence that 
ventricular activation occurred through anterograde con- 
duction over the accessory A-V pathway was supported by the 
identical QRS configurations during tachycardia and during 
pacing-induced maximal ventricular preexcitation. Second, 
interruption of the tachycardia after inscription of the atrial 
electrogram, at a cycle length slightly shorter than the an- 
terograde effective refractory period (that is, 280 to 300 ms 
of the accessory A-V connection), is consistent with an anti- 





I 


(SA Ji | 





August 1982 The American Journal of CARDIOLOGY Volume 50 355 





MC TACHVAABNIA AGIA OMEN MeATU PAG Era. 7 497a wo ee » rs HOD" ues TES DAT 
TACHYCARDIA AND SUDDEN DEATH—COSIO ET AL. | qn eme TENDS 


RA Pacing 


à - 


E [CIA AS 


RV Pacing 





d 
— FIGURE 4. Recordings illustrating the onset of wide QRS tachycardia during atrial pacing, and after a right ventricular extrastimulus. The traces 
4 are identical to those in Figure 1. Panel A, during right atrial (RA) pacing (cycle length 300 ms) gradual A-H interval prolongation and increasing 
te _ preexcitation of the QRS complex are noted. The onset of wide QRS tachycardia is associated with appearance of the H potential after the septal 
. . ventricular electrogram (V). Panel B, wide QRS tachycardia is initiated after insertion of the single premature right ventricular (RV) extrastimulus 
- (basic ventricular pacing cycle length 400 ms, S;—S» extrastimulus coupling interval 250 ms). The extrastimulus induces retrograde conduction 


i delay within the specialized cardiac conduction system (RV2-H3 interval = 110 ms), with subsequent initiation of wide QRS tachycardia identical 
" . to that in panel A. 
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, FIGURE 5. Illustration depicting mode of termination of wide QRS tachycardia. The traces are identical to those in previous figures. Termination 
. of wide QRS tachycardia is associated with shortening of the tachycardia cycle length from approximately 300 to 270 ms. The His (H) potential _ 


.. is obscured in the last two tachycardia beats by the ventricular electrogram in the HBE His bundle electrogram. Activation of the right ventricular 
(RV) apex occurs 30 ms after inscription of the V potential at the proxima! coronary sinus (VCS) and is independent of the tachycardia cycle 
length. 
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FIGURE 6. Illustration depicting a possible mechanism of cycle length 
change in antidromic reciprocating tachycardia. In the presence of 
transient retrograde conduction block in the left ventricular (LV) spe- 
cialized conduction system (LBB), antidromic tachycardia proceeds 
retrograde up the right bundle branch (RBB); consequently, the interval 
from activation of the right ventricular (RV) apex to the His bundle (HB) 
is the same as during right ventricular pacing at a similar cycle length. 
After resolution of the conduction disturbance in the left bundle branch, 
the size of the reentrant circuit is diminished (hatched-line) and the 
tachycardia cycle length is shorter (270 ms). Shortening of the tachy- 
cardia cycle length results in loss of a clear His electrogram recording, 
but does not measurably influence the interval between the ventricular 
electrogram recorded at the base of the left ventricle (coronary sinus 
catheter) and that recorded at the right ventricular apex. IVS = inter- 
ventricular septum. 


dromic mechanism. Third, the essential role of the intraven- 
tricular conduction system to the tachycardia was supported 
by two observations. (1) The timing of the His bundle and 
atrial electrograms with respect to right ventricular activation 
was virtually identical to that observed during right ventric- 
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ular pacing at a cycle length equal to that of the tachycardia. 
(2) The onset of the tachycardia was related to appearance of 
a ventricle to His conduction delay during both atrial pacing 


"ri 
- 


4 
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and ventricular extrastimulus testing. Furthermore, changes - 4 


in tachycardia cycle length paralleled changes in the ventricle 
to His (V-H) interval. 

A possible explanation for the spontaneous changes in 
tachycardia cycle lengths and their relation to alterations 


of the V-H interval may have been the occurrence of transient 


retrograde conduction block within a portion of the specialized 


conduction system (Fig. 6). Presumably, during periods of — 


slower wide QRS tachycardia the intraventricular activation 


sequence was such that activation of the specialized intra- 


ventricular conduction system in the retrograde direction 


paralleled that observed during right ventricular pacing at a 


similar cycle length. Reversal of the proposed conduction — 


block then resulted in earlier His bundle activation and con- 


sequent shortening of the antidromic tachycardia cycle length. | 


This mechanism is analogous to slowing of orthodromic 


tachycardia during development of functional bundle branch — 
block ipsilateral to a participating accessory A-V connec- . 


tion.16 

Finally, evidence against the wide QRS tachycardia being 
due to reentry within the A-V node with “bystander” 
preexcitation*9? was provided by the observation that ter- 
mination of the wide QRS tachycardia was often followed 
immediately by one to three beats of normal QRS tachycardia 
having a longer cycle length (more than 320 ms) and a short 
V-A interval. The abrupt change in tachycardia cycle length 
associated with normalization of the QRS complex essentially 
excludes reentry within the A-V node as a common mecha- 
nism for both wide QRS and normal QRS tachycardias. 

3. Atrial fibrillation: During electrophysiologic study, 
atrial fibrillation occurred spontaneously during an episode 
of wide QRS tachycardia (Fig. 7). In the basal state the 
shortest preexcited R-R interval was 270 ms, and the episodes 
of atrial fibrillation were self-limited. However, in an attempt 


to approximate the patient's physiologic state at the time of | 





PCS 


DCS V 


FIGURE 7. Recordings illustrating spontaneous onset of atrial fibrillation during an episode of wide QRS antidromic tachycardia. The traces are - 


' the same as in Figure 5. After the third wide QRS tachycardia beat, irregular atrial activity is initially recorded in the distal coronary sinus (DCS) 
electrogram (large arrow). Somewhat later irregular atrial activity consistent with atrial fibrillation is recorded in the right atrium (HRA) (small arrow). 
After the onset of atrial fibrillation the ventricular response is irregularly irregular with both normal and preexcited QRS complexes. 
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. his cardiac arrest during the racquetball game, atrial fibril- 


lation was induced during infusion of isoproterenol (1.6 
ug/min). Under these conditions, the shortest preexcited R-R 
interval was 180 ms (Fig. 8) and the duration of atrial fibril- 


. lation exceeded 20 minutes despite termination of isoprote- 
 renol infusion and initiation of both intravenous propranolol 
.. and procainamide therapy. 


. Treatment and Postoperative Evaluation 


Although electrocardiographic and enzyme studies after 


_ the patient's resuscitation suggested the occurrence of anterior 


—. wall myocardial infarction, the presence of normal coronary 
. arteries documented on arteriography suggested that myo- 
- cardial necrosis most likely occurred secondary to the cardiac 


arrest and resuscitative measures. Therefore, although coro- 


- nary spasm could not be absolutely excluded, a primary ar- 
— rhythmia appeared to be the most reasonable explanation for 
- this patient's cardiac arrest. Consequently, surgical ablation 
of his posterior septal accessory A-V connection was ad- 
vised. 


At the time of surgery, epicardial mapping of the ventricles 
during atrial pacing confirmed the presence of early epicar- 


. dial activation along the high posterior wall of both ventricles 


near the crux. Dissection of the posterior septal area was 
performed according to the technique described by Sealy and 
Gallagher.!6 Postoperatively, after a transient period of 
complete A-V block, 1:1 A-V conduction resumed with a 


— prolonged P-R interval and no evidence of ventricular 


-. preexcitation. Electrophysiologic evaluation 10 days post- 
 operatively showed modification of A-V conduction with 


_ prolongation of the A-H interval during sinus rhythm, a nor- 
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mal H-V interval (45 ms) and normal QRS duration. Atrio- 
ventricular conduction was 1:1 to an atrial pacing cycle length 
of 430 ms without preexcitation and, after intravenous ad- 
ministration of 1.5 mg of atropine, 1:1 conduction was present 
to a cycle length of 400 ms. V-A conduction was not 
present. 
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FIGURE 8. Recordings of atrial fibrillation 
during isoproterenol infusion (1.6 ug/min). 
Tracings are labeled as in previous figures. 
Femoral arterial pressure (FAP) is shown in the 
bottom tracing. All intervals are expressed in 
ms. Time lines are at 1,000 ms intervals. 


Discussion 


The occurrence of atrial fibrillation with a rapid 
ventricular response in patients with the Wolff-Par- 
kinson-White syndrome has been associated with sud- 
den cardiac death.9? The laboratory demonstration in 
this patient of the spontaneous occurrence of atrial fi- 
brillation during antidromic reciprocating tachycardia 
and the development of an excessively rapid ventricular 
response during isoproterenol infusion seemed more 
than coincidental, and suggested a possible mechanism 
of ventricular fibrillation in this patient. 

The development of ventricular fibrillation is a well 
recognized complication in patients with the Wolff- 
Parkinson- White syndrome, and it is generally believed. 
to result from development of an excessively rapid 
ventricular response after the spontaneous occurrence 
of atrial fibrillation.9?1718 A short anterograde effective 
refractory period of the accessory A-V pathway appears 
to be a predisposing feature in these patients, and 
usually they manifest shortest R-R intervals 250 ms or 
less during laboratory-induced atrial fibrillation.? 

The spontaneous transition of antidromic recipro- 
cating tachycardia to atrial fibrillation was docu- 
mented in this patient. Although the shortest R-R in- 
terval between preexcited QRS complexes was only 270 
ms in the basal state, infusion of isoproterenol resulted 
in a shorter R-R interval of 180 ms (Fig. 8). Presumably, 
isoproterenol infusion mimicked the physiologic state 
that occurred during the moderate physical activity 
performed by this patient at the time of his cardiac ar- 
rest. 

In summary, clinical electrophysiologic evaluation . 
of an 18 year old white youth with the Wolff-Parkin- 
son-White syndrome and sudden out-of-hospital car- 
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diac arrest revealed easily inducible antidromic recip- 

rocating tachycardia. Transition of the antidromic re- 

ciprocating tachycardia to atrial fibrillation with a rapid 

ventricular response was documented and constituted 

both a potential mechanism for sudden cardiac arrest 
' and a reasonable basis for recommending surgical 
€ ablation of the accessory A-V connection. 
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—. diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
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| and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
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cipitous elevation of blood pressure 
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tude, weakness, fatigue: reversible mental depression progressing to catatonia; visual distur- 
bances: hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, consti- 
pation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous. reversible alopecia. Oculomucocutaneous reactions involving the skin, ser- 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been conclu- 
swely associated with propranolol 

Clinical Laboratory TestFindings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase. lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each indication. 
ORAL 


ANGINA PECTORIS—Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety ofdosage exceeding 320 mg per day have not been 
established 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks 
(See WARNINGS.) 

PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are too limited to permit ade- 

quate directions for use. 

OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA- 
SURES SHOULD BE EMPLOYED: 

BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

‘CARDIAC FAILURE —DIGITALIZATION AND DIURETICS 

HYPOTENSION — VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE). 

BRONCHOSPASM —ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 

HOW SUPPLIED 

TABLETS INDERALKpropranolo! hydrochloride) 

No. 461 —Each scored tablet contains 10 mg of propranolo: hydrochioride, in bottles of 100 and 
1.000. Also in unit dose package of 100 

No. 462 — Each scored tablet contains 20 mg of propranolo! hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. | 

No. 464— Each scored tablet contains 40 mg of propranolo: hydrochioride, in bottles of 100 and 
1.000. Also in unit dose package of 100. 

No. 468— Each scored tablet contains 80 mg of propranolo! hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. e 

INJECTABLE 

No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The pH is 

adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
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cae Bun many patients with impaired renal function 
ae particularly vulnerable because their condition may 
predispose them to a toxic accumulation of digoxin. 


| These include the diabetic. The geriatric patient. 
The patient with renal disease. And the patient with 
-advanced CHF who suffers from hepatic as well as 
oe complications. 


Add to this group the patient on multiple medica- 
: tions with possible drug interactions. 


| a Conditions like these that increase the risk of digi- 
lalis toxicity are generally outside the physician's control. 
- ut two of the most important preventive measures which 
-are not outside the physician's control are precise titration 
1 igitalis and the consistent use of one diuretic. 














- As to the first, the narrow therapeutic-to-toxic range 
of digitalis is well known and requires no elaboration. 
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Naturally, T renal problems necessitate ncre 
vigilance to any signs of toxicity. : 
Why the patient should be 
maintained on Lasix® cm 

The second precaution is the unvarying use of à single 
diuretic for a given patient (consistent with proper p pot 
sium balance). Thus, if the choice is Lasix—as it is in m t 
successfully managed CHF cases—-the logic behind it is 
beyond debate. Lasix is the only diuretic for CHF whose 
effectiveness has been confirmed in no fewer than 6,00! 
published papers.. which offers the most complete rang 
of dosage forms and strengths for precise titration...and 
the most widely available brand of furosemide for filling - 
or refilling your prescription anywhere in the United State 
and around the world, 


Not all generic furosemide tablets are = a 
There is yet another reason to hesitate before permittin 
generic substitution for LASIX®, and that is the continued - 
presence of unapproved generic furosemide tablets on the - 
market. So serious has the problem been that in March 
1979, following several confirmed reports of cases of dan- 
gerous adverse effects associated with unapproved furos 
semide tablets, the F.D.A. felt impelled to issue a strongly 
worded warning against them.! Despite this, since January 
1980, 35 ED.A. seizure actions of such drugs have been | 
reported. 


The surest way to protect your LASIX® prescription: : 
prevent substitution : 

When you prescribe LASIX®, write the phrase, "Do not . é 

substitute" or whatever your state requires on the prescrip- 


Reference: 1. HEW News publication 79-6, U.S. Department of. 
Health, Education, and Welfare (Food and. Drug Administration), Bu 
March 30, 1979, pp 2-3. QUSS 


Before prescribing, please consult complete product. information, ow 
a summary of which appears on the following page. E 






—. TABLETS: 
. 20,40 &80mg. 






isis may TT in dehydration and 
with circulatory collapse and with the 
omibosis.anc embolism, porticularly in 
“essive loss of potassium in patients receiv- 
des moy precipitate digitals foxicily Exercise 
ng potossum-capleting steroids. Perform 
ye. CO, and BUN determinations during 
therapy and periodically thereafter and cor- 
of temporarily withdraw fhe drug. initia ther- 
its with hepatic cirrhosis and ascites is best carried 
The hospital. Closely observe cirhotic patients for sudden 
Y aiectrolyte imbalances ‘al may precipitate hepatic 
toma. Supplemental potassium chloride and, 8 required, an 
cpidosierone antagonist ore helpful in preventing hypokalemia 
-« and tnetabolic alkalosis. Discontinue turosemide if increasing 
> Qazotemia and oliguridi occur during treatment of severe, progres- 
< Sive renaldisease. Observe patients regularty for possible blood 
0 90yscrsias, tiver damage, of other idiosyncrolic reactions. 
o>. Patients with known sultenamide sensifivity moy show alletgic 
|y deachohs. Furosemide may poftentiate the therapeutic effect of 
i other antihypertensive agents. Pofentiction occurs with gangli- 
üniC Or peripheral adrenergic blocking drugs. Exacerbation or 
Scivation of systemic lupus erythemotosus may occur Furo- 
sernide appears in breas! miik. tf use of the drug is essential, the 
patient should siop nursing. Cases of tinnitus and reversible 
Nearing impairment have been reported 
There have also been some reporis of cases in which irreversible 
hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function af doses exceeding several 
times the usual moommencded.dese and in whom other drugs 
known to be ototoxic were given. it the physician elects to use 
tigh-dose parenteral fherapy in patients with severely impaired 
renal funcion, controlled intravenous infusion is advisable. (For 
Us c. edulis, anrinfusion rate not exceeding 4 mg furosemide per min- 
ide has been used.) 
PRECAUTIONS: As with any effecove diuretic, electrolyte deple- 
ciu fon foy. occur especially in patients receiving higher doses and 
4. qfestricled soll intake. Patients receiving furosermide should be 
^7. observed tor clinical signs of fluic or electrolyte imbalance, 
ER namely, hyponatremia, hypochioremic otkalasis, and hypokale- 
^; mig. Serum and urine electrotyte determinations ore particularly 
^; tcamportant when the patient is vortiting excessively or receiving 
^: parenteral fluids. Medication such as digitülis may also influ- 
cente serum electrolytes. Hypokalemia may develop with turo- 
csemide aswilh any offer potent diuretiko, especially with brisk 
diuresis, wher cirrhosis is presen’. or during concomitant use of 
c aotioosterods or ACTH. interterence wih adequate oral electo- 

. Mte intake will cise contribute to hypokalemia pane may 
exdggerdie metabolic effects of hypokalemia, especially with ret- 
erence to myocardial activity Asymptomatic hyperuricemia can 

o. 060ur and gout. may Torey be precipitated. Increases in blood 
Vologhuecose anc alterations in glucose tolerance tests with abnor- 
milites of the fasting and two-hour postprandial sugar have 
css een observed; and rare cases of precioitation of diabetes melli- 
eo us have. been resorted- Furosemide may lower senum colcium 
oos; leves and rore cases of letany have been reported Periodic 
jr senum calcium levels should be obtained. Reversible elevations 
"nont BUN may be seen. These have een observed in association 
0 wifi dehydration: which shouid be avoided, particularly in 
-taenia with renal insufficiency Patients receiving high doses of 
css salicytates in conjunction with furosemide moy experience sali- 
<i eytate-oxicily at tower doses because of competitive renal excre- 
geii pry- sides. Furosemide has a tendency to antagonize the effects 
rSf tubocurarne and may potentiate the action of succinylcholine 
7 CLhuum generally should not be given with diuretics because 
hey reduce its renal cleorince and add o high risk of Hihium 
-. teginty: Diuretics such as furosemde may enhance the nephro- 
` "toxicity of cephaloridine. Therefore. furosemide and cephatori- 
|... dine should not be administered sriultaneously Furosemide 
moy decrease arterial responsiveness te norepinephnne. This 
eiie is not sufficient to preciuide effectiveness of the 
E ent for therapeutic use. has been reported in the 
ole at coadministration of indomethacin moy reduce the 
. fatriuretic ond antihypertensive effects of Lasix (furosemide) in 
. 80me patients This effect has been attributed to inhibition of 
.gostagiandin synthesis by indomethacin. Indomethacin may 
"giso oeg plasma renin levels and aldosterone excretion. this 
should be borne n mind when à renin profile s evaluated in 
: fensive patients. Patients reogiving both indomethacin and 
x (furosémde) should be observed closety to determine if 
: desired diuretic and/or antihypertensive effect of Lasix (furo- 
ide} is achieved. 
IEGNANCY: Pregnancy Category C. Furosemide has been 
own to cause unexplained MESO deaths and abortions 
Tübtifs at 2.4 and B tones the human dose. There are no 
quate ond well-controlled studies :n pregnant women. 
rosemide should be used during pregnancy oriy if the 
tential i benefit justifies the potential risk fo the fetus. 
IERSE REACTIONS: Anirexia, orn! ond gastric atitafion, 
j. eramping. diarrhea, constipation, jaundice 
A poncreotilis, dizziness, vertigo, pares- 
i sired vision, Wanius ond hew- 
































































| REV e 





MEDICAL AND SURGICAL ADVANCES IN 
CORONARY DISEASE 





The most up-to-date reference 
on the state of the art of 
medical and surgical myocar- 
dial revascularization in 
clinical coronary disease 


available today. 





Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 
outgrowth of the recem international Symposium on Myocardial 
Revascularization held in Nassau, The Bahamas. It is edited by 
twe internationally renowned specialists, Dean T. Mason, MD, 
anc John J. Collins, Jr., MD. 


Myocardial Revascularization 
features the latest on: 


E Streptokinase - Thrombolysis in AMI | 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


E Percutaneous Transluminal Coronary : 
Angioplasty (PTCA) . 

lll New Calcium Blocking Drugs 

Bi Cardiac Benefits of Coronary 
Rehabilitation Programs 


lE Coronary Bypass Surgery for Angina, 
Unstable Angina, AMI 


Yorke Medical Books, Box C-757, Brooklyn, NY 11208. AIJCH2 de 
Please send me: _ 
copies MYOCARDIAL REVASCULARIZATION «c $55.00 


C Enclosed is my check for. . Yorke pays postage and 
handling (same return. privilege) New York residents add appropriate ^ 
sales tax. Add $5.00 per book for orders outside the U.S. and Canada. 


CiPleasebillmy  CVISA [D MasterCard (same return privilege). - à 
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Electrotonic Modulation of the T Wave* 


BRIAN F. HOFFMAN, MD, FACC 
New York, New York 


In this issue of the Journal Mauricio Rosenbaum and 
his associates! present their findings in studies on ab- 
normal activation of the heart in a paper entitled, 
*Electrotonic Modulation of the T wave and Cardiac 
Memory.” The paper is important because it identifies 
a significant new question for electrophysiologic and 
electrocardiographic study and also because it indicates 
the need for reevaluation of a number of concepts re- 
lated to electrocardiographic interpretation. 

The important findings are that, as a result of a 
change in ventricular activation sequence, (1) the T 
wave resulting from subsequent activation is changed 
in polarity, (2) the magnitude of this change is a func- 
tion of the duration of the period of abnormal activation 
(or the number of abnormal activations) so that the 
change develops progressively, and (3) after the end of 
a period of abnormal activation the alteration in T wave 
polarity regresses very slowly. It also is apparent that 
the polarity assumed by the abnormal T wave is the 
same as the polarity of the major QRS deflection in the 
same leads during abnormal activation. 

Possible mechanisms: The important question is 
what might be the mechanism responsible for the per- 
sistent alteration in T wave polarity. It seems reasonable 
to assume that the change in the T wave reflects a 
change in repolarization of some part of the ventricles, 
and so one can ask three questions: How does a change 
in activation sequence modify the time of repolarization 
in some part of the ventricles? Why does this modifi- 
cation develop only slowly, and why does it persist long 
after the activation sequence has returned to normal? 
An answer that seems to satisfy the first question may 


From the Department of Pharmacology, College of Physicians & Sur- 


geons of Columbia University, 630 West 168 Street, New York, New 
York. Manuscript received March 15, 1982, accepted April 26, 
1982. 

Address for reprints: Brian Hoffman, MD, College of Physicians & 
Surgeons of Columbia University, 630 West 168th Street, New York, 
New York 10032. 


have no relation to the second and third, in that asa 
isfactory explanation for concurrent activation s 
quence-dependent changes in regional repolarizatic 
may have no bearing on the mechanism for the observe 
changes that persist during normal activation. 

Rosenbaum et al. suggest that electrotonic intera 
tions between adjacent parts of the ventricular my: 
cardium may cause changes in the time at which di 
ferent regions of the ventricle repolarize. This sugge 
tion is based on both theory and observation, but 
needs to be carefully evaluated. In a uniform strip | 
volume of ventricular muscle it is correct to assume th 
action potentials will be of longer duration at the si 
of impulse origin than at sites excited last in any s 
quence. This is so because currents flowing betwer 
volumes of tissue that are well coupled electrically w 
influence transmembrane potential. When the enti 
volume has been excited, current from the last areas 
be excited will retard repolarization of areas excit: 
earlier in the activation sequence (just as current fro 
the first area to repolarize will speed repolarization 
areas not yet repolarized).? 

Electrophysiologic basis for T wave inversio 
This well known effect must be evaluated in terms of t] 
magnitude of the delay or acceleration in repolarizatic 
that might result. Some predictions can be made for 
homogeneous strip of muscle that is stimulated at oi 
end, in which the impulse propagates at uniform v 
locity to the other end and in which (because the c 
ameter is sufficiently small and intercellular coupli 
is adequate) all the fibers at a given cross section pa 
ticipate equally and simultaneously in generating t] 
action potential upstroke. The action potential duratii 
near the site of origin of the impulse will be longer th: 
that at the distal end of the preparation. If the stimul 
is moved to the other end of the strip, the formerly sho 
action potentials will prolong and the formerly long on 
will shorten. Nevertheless, repolarization will alwa: 
begin near the site of stimulation and spread to t] 
distal end as has clearly been demonstrated.? Thus if 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 


represent the views of the Journal. 
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unipolar lead is recorded in proximity to the strip near 
the origin of activity the T wave will be positive; if it is 
recorded in the middle of the strip, the T wave will be 
biphasic (—/+), and if it is recorded at the end of the 
strip, the T wave will be negative. The T waves, and the 
components of biphasic T waves, are in every case op- 
posite to the deflections resulting from the spread of 
activation. If the speed of propagation of the wave front 
‘of activation is decreased, the extent to which action 
potentials lengthen or shorten will be greater but, in a 
uniform preparation, repolarization will spread in the 
same direction as depolarization. Therefore this effect 
alone cannot account for inversion of T waves. 

. Electrotonic modulation during left bundle 
branch block: If one considers instead a heart in which 
activation of parts of the ventricles is normal and acti- 
vation of other parts of the ventricles periodically be- 
comes abnormal (that is, during left bundle branch 
block), the condition may be appropriate to cause T 
wave inversion of the sort described. In this case one 
might assume that the control T wave was upright in 
leads Vi to V3 and that the mean manifest T vector 
sensed by each of these leads was the resultant of two 
oppositely directed but nearly equal vectors—one 
generated by the right ventricle and the other by the left 
ventricle. During abnormal activation the T vector for 
the left ventricle would change direction because of both 
the change in activation sequence and electrotonic 
modulation of repolarization. As a result, the mean T 
vector sensed by each of the identified leads would 
change direction and the T waves might invert. The 
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change in T wave polarity would thus be “secondary” 
to the altered activation sequence. 

Obviously, as commented on by Rosenbaum et al., 
this change in the T wave is difficult to identify during 
the abnormal activation. However. because the change 
persists after return to a normal activation sequence, 
it can be demonstrated. This T wave inversion is 
thought to be “secondary” in the sense that it is a per- 
sistent effect of electrotonic modulation of repolariza- 
tion in parts of the ventricle that previously were acti- 
vated in an abnormal sequence. This persistence, and 
the gradual development of the change during abnormal 
activation, poses the really important questions. 

*Learning and memory": Rosenbaum et al. refer to 
the changes by using terms such as “learning” and 
“memory”; this usage may be unfortunate because to 
some readers it will imply something about mechanism. 
It is possible that the gradually developing and persis- 
tent changes in repolarization sequence are the result 
of an alteration in autonomic effects on the heart that 
stem from some gradually developing modification of 
impulse processing in the central nervous system or 
autonomic ganglia. Yet all transient, activity-dependent 
changes in organ function are not properly described by 
the terms learning and memory. It is also possible that 
the phenomena described reflect a completely new 
effect of electrical activity on the passive or active 
properties of cardiac cells. Certainly the findings re- 
ported by Rosenbaum et al.! will lead to discussion and 
inquiry, and these may provide us with an improved 
understanding of cardiac electrical activity. 
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ORYS. SURAWICZ, MD, FACC 
2 : Indianapolis, Indiana 


.. The clinical significance of transient T wave abnor- 


malities in patients with intermittent left bundle branch 


<- block has been a subject of controversy for many years. 
_ ‘Their pathogenesis is discussed by Rosenbaum et al.! 
. im this issue of the Journal. In general, the view has 


.. prevailed that such T wave abnormalities are indicative 
... of myocardial disease, but it has also been reported?? 


.. that they can occur in the absence of clinically detect- 
. able heart disease. In two recent retrospective studies 
^. of patients with intermittent left bundle branch block, 
CT waves were abnormal in the normally conducted 
-— complexes in 33 of 46 patients,” and in 19 of 23 patients? 
: In the first study,? 27 of the 33 patients were women, 

-and the left bundle branch block tended to be tachy- 

. cardia-dependent. Although most conspicuous and 


= consistent T wave abnormalities have been noted in 


precordial leads,^? in one study? abnormalities in the 


<- limb leads were also present in approximately 50 per- 


“cent of patients. Similar T wave abnormalities appar- 
ently are not seen in patients with intermittent right 
bundle branch block, but they do occur in patients with 
Intermittent preexcitation. Nicolai et al.4 found T wave 


.. abnormalities in 39 of 45 patients with the Wolff-Par- 
.. kinson-White syndrome in normally conducted beats 


A after the disappearance of preexcitation. 
‘There are no systematic prospective studies of this 
phenomenon. In one study,” the presence of normal T 
waves was documented in 9 of 13 patients before the 
- "appearance of intermittent left bundle branch block and 
.. abnormal T waves in normally conducted complexes 
. after the development of the conduction disturbance 
_ but no consistent temporal links between the bundle 
.. branch block and the T wave changes were established. 
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There is need for further documentatian 6 / 
patterns before the occurrence of left. bundle 
block. In Figure 1 of Rosenbaum et al.! inverted ' 
are seen only during and after the disappearanc 
bundle branch block but not before its appearance. 

Denes et al.? believed that the duration of left bunc 
branch block influenced the T wave pattern. Bot 
Engel? and Denes? and their co-workers drew an a 
ogy between their findings and the T wave change 
cluded by cardiac pacing. Also, as pointed out by 
enbaum et al.,! Denes et al.? alluded in their dis 
of the phenomenon to “memory” but admitted th 
mechanism by which the heart “remembers the ac 
vation pattern" of left bundle branch block and “su 
sequently translates this into abnormality of repolar 
zation” is not known. 


Mechanism: cardiac memory?: Does die article bi 
Rosenbaum et al.! bring us further toward an un 
standing of the mechanism? I will beg this question 
being somewhat out of order. 'T'o be meaningful, a se 
for the mechanism must be preceded by an accura 
description of the phenomenon under consideration. : 
the case of the presented T wave abnormality, 
tional prospective quantitative studies of the inci 
natural history and clinical significance of T 
changes induced by changes in intraventricula 
duction will be required. In particular, it will be ne 
sary to establish the relation between the sequenc 
depolarization in the presence of left bund 
block and the sequence of repolarization aft 
appearance. The method of “eyeballing” use 
enbaum et al.! is not sufficiently accurate for 
pose. À mere change in T wave polarity i in select 
does not prove that the T wave "remembers" t 

tern of previous repolarization. It also seems d 
that this question can be answered from observii 
change in the QRS/T angle. The QRS/T angle « 
by left bundle branch block is usually about 18 
is, the main T wave vector is directed opposit 
























ave OE o showt] in Table I of 
et al.! favors a local disturbance because the 
al of T wave polarity after pacing is most promi- 
in leads V4 to V4, which are semidirect leads sit- 
al ed close to the site of pacing; in contrast, the more 
direct leads, I, Vg and aVF, which would be expected 
show the alleged changes in the direction of the av- 
rage T wave vector, show only small and inconsistent 
vave changes after pacing. 

ectrotonic interaction: If and when future studies 
e convincing evidence that the heart can learn to 
emember the past sequence of repolarization, the 
uestion of the possible mechanism will become ap- 
ropriate. We know that the duration of cardiac action 
entials does not adjust immediately to a new cycle 
gth, and that such adjustment may require several 
ndred beats. Apart from such observations during 
ef nonsteady states of adjustment of action potential 
uration, cell electrophysiology provides us with no 
ther appropriate models to explain a longer-lasting 
memory" of past history. Whatever the origin of the 
itulated “memory,” it is difficult to understand why 
osenbaum et al.! opt for electrotonic interaction. The 
isive effect of an electric current seems to be the least 
kely candidate for a process of slow adaptation. It will 
expected to appear instantaneously and dissipate 
tantaneously, following the appropriate changes in 
) e duration. or shapes of the juxtaposed action poten- 
s. A more appropriate candidate for “memory” 
rage might be searched for in some type of integrative 
tion such as those performed by the central nervous 
tem. If one is s inclined to speculate, one might con- 
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Implications: Finally, let us assume that all ros 
have been crossed, and that scientists have established. 
the presence of memory and explained its mechanism. 
Will this force us to alter our terminology and revise our 
basic concepts? Although trying to answer this question 
may be premature, it is difficult to imagine that the 
awkward term “pseudoprimary T wave abnormalities" 
will be of benefit to the scientificaily sound and time- 
honored subdivision of primary and secondary T wave 
changes. Regardless of their mechanism, T wave 
changes resulting from pacing, intraventricular con- 
duction disturbances or tachycardia (which incidentally 
is not always associated with intraventricular conduc- 
tion disturbances) represent by definition primary T 
wave abnormalities. Such established terms as the 
primary postpacing T wave abnormalities, or primary 
posttachycardia T wave abnormalities would require 
no change. In the case of T wave abnormalities induced 
by intraventricular conduction disturbances, it would 
be necessary to acknowledge more often that a given T 
wave change is due to a combination of primary and 
secondary T wave changes. 

In conclusion, Rosenbaum and his colleagues are to 
be congratulated on reopening the unresolved issue of 
T wave changes associated with ventricular pacing and 
intermittent intraventricular conduction disturbances. 
I hope that their observations and ideas will lead to . 
further systematic studies of the incidence, natural - 
course and the clinical significance of such T wave. 
changes. The increasingly sophisticated technical 
capabilities for mapping the sequences of ventricular . 
activation and repolarization may be helpful in testing 
the “memory” concept. Regardless of the outcome of 
such studies, the shedding of new light on the mecha- - 
nism of these and other types of unexplained transient - 
T wave abnormalities will be of great theoretical and 
practical interest to our profession. | 
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CARDIO OGY: 79xz 


The Second Issue of the New Annual providing a multidisciplinary 


approach to the latest, most important information on the state- 
of-the-art of cardiovascular medicine and surgery 








What is CARDIOLOGY 1982? CARDIOLOGY: 1982 provides in a concise and readable format and 


style fundamental and new information essential to understanding the 


The second in an annual series to be published in the current thinking on managing cardiovascular disease. It coordinates 


SPRING each year what's new with well-established data, arming the reader with a per- 

€ A review of the year's newest and most important spective on the field which is simply unavailable elsewhere. Its liberal 
i : N use of illustrations and original tables condenses valuable information 

ee ens IA CORON 5 PAD y into instantly understandable knowledge. 
€ A multidisciplinary approach to clinical and applied ; | 

research based on an exhaustive search of the year's Reviews of the first edition 

literature “..fecommend...to any reader interested in vw eretum of cardiology." 
€ A unique, cohesive summary of the state-of-the-art, JAMA, November, 1981 


written, not edited, by those making outstanding 


developments in the field "It is more than merely a reference book, since it explains what to the 


€ A practical approach to a complicated and fast-moving average physician may be obscure....a treasure house of 1980 
subject designed to be read and used daily publications. It is highly recommended. MBA S ov 
: New York State Journal of 
CARDIOLOGY:1982 is NOT Medicine, September, 1981 
€ A collection of unrelated reviews 
€ An abstracting service "This is an excellent book, very well organized and written...should be 


on the shelf of the library, cardiologist, and internist." 
COL. Robert B. Franklin, MC, USA 
Military Medicine, November, 1981 


€ A rehash of materials readily available elsewhere 
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Yorke Medical Books, Box C-757, Brooklyn, New York 11205 AJCH2 

O Please send me a copy of the 1982 edition at the full price of $45.00. | do not wish to place a 
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(Same return privilege) 
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LJ Please bill my O VISA O MasterCard (same return privilege) 
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A NEW AGE 
IN THE CONTROL 
OF ANGINA 





(NIFEDIPINE) ^" ^^» 


PROCARDIA is the beginning of a new age 
in the treatment of angina: 


The Calcium Age. 


It is now known that calcium ions, working at the 
cellular level, regulate the degree of vasoconstriction 
and, thereby, play a critical role in the anginal attack 


PROCARDIA acts at the cell membrane to selectively 
block calcium access to the contractile process in the 
arterial cell 


Through this action, PROCARDIA manages: 

—vasospastic angina, by preventing coro- 
nary artery spasm and increasing myocardial O, 
supply 

—classical effort-associated angina, by dilating 
peripheral arteries to reduce afterload and 
myocardial O, demand 

—mixed angina, which involves elements of 
vasospastic and effort-associated angina 
Like beta blockers, PROCARDIA reduces myocardial O, 
demand. But, unlike these agents, PROCARDIA also 
increases myocardial O, supply to both normal and 
poststenotic areas' of the myocardium by preventing 
coronary artery spasm 


PROCARDIA 








PROCARDIA — 


(NIFEDIPINE) 


PROVEN 
EFFECTIVE 
ACROSS THE 
SPECTRUM 
OF ANGINA 


Contemporary medical opinion holds 
that the pathophysiology of angina 

is a spectrum ranging from pure, fixed 
atherosclerotic lesion to pure coronary 
artery spasm. Many patients, however, 
are believed to have a combination 

of both lesion and spasm? 


Angina due to pure fixed lesion can be 
prevented by reducing oxygen 
demand. Angina due to coronary 
artery spasm can be treated by 
preventing the spasm itself, thereby 
increasing oxygen supply. With this 
new understanding of angina, optimal 
antianginal therapy should provide 
this dual action: increasing O, supply 
while reducing O, demand. 


Please see PROCARDIA Brief Summary on last page. 
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In effort angina" 


(when symptomatic despite conventional therapy) 













. MET achieved at onset of angina 
_(Mean % change from baseline) 
 Asignificant reduction ~ 
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Mean % reduction from 


Double-blind, placebo-controlled, crossover 20 -week study 
of 32 patients (27 evaluated for attack rate; 19 for exercise 


tolerance). Mean PROCARDIA dosage: 51 mg/day. 


*In chronic stable angina (effort-associated angina) PROCARDIA 
has been effective in controlled trials of up to eight weeks 
duration in reducing angina frequency and increasing exercise 
tolerance, but confirmation of sustained effectiveness and 
evaluation of long-term safety in these patients are incomplete. 


In vasospastic angina In mixed angina (fixed lesion and spasm) 





PROCARDIA reduced 
attacks | 50: attack rate® 
eliminated Es Mean number of attacks per week 
baseline 5.4 
. PROCARDIA 
: PROCARDIA reduced 
Prompt, sustained decrease in attack frequency? nitroglycerin use® 
T 20 Mean number of tablets per week 
o 25.7 
E. PROCARDIA started More de: 
x 1 8.1 reduction 
g a | P «0.00005 
jj Studies of patients with mixed angina characterized by pain at 
e rest and effort. Most patients (8996) were initiated on nitrate 
o and/or beta blocker therapy but remained symptomatic. 
x 5 Minimum duration of nifedipine treatment two months. 
© Nifedipine dosage: 30 to 120 mg/day. 
i2 
"ug 
—2 0 2 4 6 8 10 
Months 


Long-term, open study of 127 patients unresponsive to beta 2 
blockers and/or nitrates with symptoms of myocardial OC 
'ischemia and demonstrated coronary artery spasm. PR ARDIA 


PROCARDIA dosage: 40 to 160 mg/day. THE FIRST ORAL CALCIUM CHANNEL BLOCKER 
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THE FIRST ORAL 


CALCIUM CHANNEL 


BLOCKER 

FOR THE 
MANAGEMENT OF 
ANGINA 










INIFEDI Pl NE) Capsules 10 mg 


Proven effective when used alone. 


Enhanced effectiveness when combined 
with beta blockers. 


Convenient dosing 


Start with: 4 10-me 
| capsule 
tid 


Titrate to: l0-mg 
7 capsules 
tid 


Titrate to: I0-mg 
t capsules 
tid iita 


For most patients, titrate over 7 to M days, using the patient's blood 
pressure response, attack frequency sublingual nitroglycerin intake 
and activity level as a guide. Titration may be more rapid (e.g., 3 days) if 
symptoms warrant and the patient is observed closely Maximum dose: 
180 mg/day 
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PROCARDIA” CAPSULES 
nifedipine) 

RIEF SUMMARY 
INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA pueooine) is 
indicated for the management of vasospastic angina confirmed by any of the following 
criteria: 1) classical pattern of angina at rest accompanied by ST segment elevation, 
2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically 
demonstrated coronary artery spasm. In those pa who have had angiography, 
the presence of significant fixed obstructive disease is not incompatible with the 
diagnosis of vasospastic angina, provided that the above criteria are satisfied. 
PROCARDIA may also be used where the clinical presentation suggests a possible 
vasospastic component but where vasospasm has not been confirmed, e.g., where 
pain has a variable threshold on exertion or in unstable angina where electrocardi- 
ographic findings are compatible with intermittent vasospasm, or when angina is 
refractory to nitrates and/or adequate doses of beta blockers. 

II. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA 
is indicated for the management of chronic stable angina (effort-associated angina) 
without evidence of vasospasm in patients who remain symptomatic despite ade- 
quate doses of beta blockers and/or organic nitrates or who cannot tolerate those 
agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective 
in controlled trials of up to eight weeks duration in reducing angina frequency and 
increasing exercise tolerance, but confirmation of sustained effectiveness and eval- 
uation of long-term safety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of 

PROCARDIA and beta-blocking agents may be beneficial in patients with chronic 
stable angina, but available information is not sufficient to predict with confidence the 
effects of concurrent treatment, especially in patients with compromised left ventric- 
ular function or cardiac conduction abnormalities. When introducing such concomitant 
therapy, care must be taken to monitor blood pressure closely since severe hypoten- 
sion can occur from the combined effects of the drugs. (See Warni v 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the rtc dpi 
effect of PROCARDIA is modest and well tolerated, occasional patients have had 
excessive and poorly tolerated hypotension. These responses have usually occurred 
during initial titration or at the time of subsequent upward dosage adjustment, and 
may be more likely in patients on concomitant beta blockers. 
Increased Angina/Beta Blocker Withdrawal: Occasional patients have developed 
well documented increased frequency, duration or severity of angina on starting 
PROCARDIA or at the time of dosage increases. The mechanism of this response is 
not established but could result from decreased coronary perfusion associated with 
decreased diastolic pressure with increased heart rate, or from increased demand 
resulting from increased heart rate alone. 

Patients recently withdrawn from beta blockers may develop a withdrawal syn- 
drome with increased - den probably related to increased sensitivity to catechol- 
amines. Initiation of PROCARDIA treatment will not prevent this occurrence and 
might be expected to exacerbate it by provoking reflex catecholamine release. There 
have been occasional hern of increased angina in a setting of beta blocker with- 
drawal and PROCARDIA initiation. It is important to taper beta blockers if possible, 


rather than stopping them abruptly before ng usualy CARDIA. 


For Oral Use 


Congestive Heart Failure: Rarely, patients usually receiving a beta blocker have 
deve heart failure after beginning PROCARDIA. Patients with tight aortic ste- 
nosis may be at greater risk for such an event. 

PRECAUTIONS: General: FEE Because PROCARDIA decreases periph- 
eral vascular resistance, careful monitoring of blood pressure during the initial admin- 
istration and titration of PROCARDIA is suggested. Close observation is especially 
recommended for patients already taking medications that are known to lower blood 
pressure. (See Mein ow] 

Peripheral edema: Mild to moderate peripheral edema, typically associated with 
arterial vasodilation and not due to left ventricular dysfunction, occurs in about one in 
ten patients treated with PROCARDIA. This edema occurs primarily in the lower 
extremities and usually responds to diuretic therapy. With patients whose angina is 
complicated by congestive heart failure, care should be taken to differentiate this 
peripheral edema from the effects of increasing left ventricular dysfunction. 

Z4 interactions: Beta-adrenergic blocking agents: (See Indications and Warn- 
ings.) Experience in over 1400 patients in a non-comparative clinical trial has shown 
that concomitant administration of PROCARDIA and beta-blocking agents is usually 
well tolerated, but there have been occasional literature reports suggesting that the 
combination may increase the likelihood of congestive heart failure, severe hypoten- 
sion or exacerbation of angina. 

Long-acting nitrates: CARDIA may be safely co-administered with nitrates, 
but there have been no controlled studies to evaluate the antianginal effectiveness of 
this combination. 


ADAM: n C 

ADVERSE REACTIONS: The most common adverse events include dizziness or 
light-headedness, peripheral edema, nausea, weakness, headache and flushing 
each occurring in about 10?6 of patients, transient hypotension in about 595, palpita- 
tion in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with 
reduction in the dose of PROCARDIA or concomitant antianginal medication. Very 
rarely, introduction of PROCARDIA therapy was associated with an increase in an- 
ginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable 
from the natural history of the disease in these patients. It remains possible, however, 
that some or many of these events were drug related. Myocardial infarction occurred 
in about 4% of patients and congestive heart failure or pulmonary edema in about 
295. Ventricular arrhythmias or conduction cisturbances each occurred in fewer than 
0.5% of patients. 

Laboratory tests: Rare, mild to moderate, transient elevations of enzymes such 
as alkaline phosphatase, CPK, LDH, SGOT, and SGPT have been noted, and a 
single incident of significantly elevated transaminases and alkaline phosphatase was 
seen in a patient with a history of gall bladcer disease after about eleven months of 
nifedipine therapy. The relationship to PROCARDIA therapy is uncertain. These lab- 
oratory abnormalities have rarely n associated with clinical symptoms. 

HOW SUPPLIED: Each orange, soft gelatin PROCARDIA Capsule contains 10 mg 
of nifedipine. PROCARDIA Capsules are supplied in amber glass bottles of 1 
oen (NDC 0069-2600-66). 

e capsules should be Pete from light and moisture and stored at controlled 


room temperature 59° to 77°F (15° to 25°C) in the manufacturer's original container. 


© 1982, Pfizer Inc. 
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INFECTIONS IN THE ABNORMAL HOST 


Edited by Michael H. Grieco, M.D. 

Prof. Clinical Medicine, Columbia Univ. College Physicians and 
Surgeons, Director R.A. Cooke Institute of Allergy, St. 
Luke's-Roosevelt Hosp., N.Y. 


Text by 47 specialists, 1,035 pages, 147 illus., 78 full-color 
photos. Completely indexed. $79.95. 


In 36 revealing chapters are reviewed the mechanics of host 
defenses. ..the various underlying disorders and the latest 
treatments by chemotherapy, management of agranulocytosis, im- 
munological reconstitution, passive and active immunotherapy, and 
immunostimulation. INFECTIONS IN THE ABNORMAL HOST will 
help you understand, diagnose, and manage the many infections 
which strike patients whose defense mechanisms are down. 


Check this list of chapters 


PARTI HOST DEFENSES 


e Introduction to the Abnormal Host and Complicating Infections * The Neutro- 
phil in Host Defense: Congenital, Acquired and Drug-induced Abnormalities * 
The Complement System in Human Disease * Structure and Function of Immu- 
noglobulins + Human Lymphocyte Subpopulations: Surface, Intracellular, En- 
zymatic Markers and Functions * Congenital and Acquired Primary Disorders 
of B and T Lymphocyte Function * Drug-induced B and T Lymphocyte and 
Monocyte Dysfunction ¢ Cutaneous, Pulmonary, Gastrointestinal and Geni- 
tourinary Defense Mechanisms and Relationship to Nosocomial Infections * 
The Effects of Malnutrition on Host Responses and the Metabolic Sequelae of 
Infections © Humoral and Cellular Responses to Infection 


PARTII INFECTIONS ASSOCIATED WITH THE 
ABNORMAL HOST 


* Pyogenic Bacterial Infections * Higher Bacterial and Fungal Infections * My- 
cobacterial Infections * Viral and Chlamydial Infections * Protozoal and Hel- 
minthic Infections ¢ Infections Complicating the Transfusion of Blood, Blood 
Products, Animal Exposure and Animal Products * Infections Complicating the 
Alcoholic Host * Infections in Parenteral Narcotic and Drug Abusers * Infec- 
tions Complicating Uremia and Organ Transplantation * Infections in Patients 
with Neoplastic Diseases * Infections Complicating Diabetes Mellitus * Diag- 
nosis and Treatment of Diffuse Pneumonias * Host Deficiency States and Cen- 
tral Nervous System Infections * Genitourinary Infections * Infections Compli- 
cating the Rheumatic Diseases * Endovascular and Prosthetic Implant Infec- 
tions * Intraocular Manifestations of Systemic Infections * Selected Histopath- 
ologic Responses * The Microbiology Laboratory in Diagnosis and Therapy * 
Infections Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART III MANAGEMENT 


* Antimicrobial Therapy in the Compromised Host: Resistance, Pharmacology 
and Toxicity + Chemotherapy for Viral and Chlamydial Infections « Chemother- 
apy for Protozoal and Helminthic Infections * Infection Prevention in Patients 
with Cancer and Granulocytopenia * Immunologic Reconstitution * Gamma 
Globulin and Vaccine Therapy 


* Index 
AMONG THE EMINENT CONTRIBUTORS... 


Michael H. Grieco, Editor Lowell S. Young 


Sheldon H. Wolff Leon Smith 
Robert A. Good Daniel M. Musher 
J. Donald Capra Harold C. Neu 


Anthony S. Fauci 
Elliot Goldstein 
Gerald T. Keusch 
Donald B. Louria 
H. William Harris 


Stephen S. Schimpff 
Robert B. Zurier 
Stephen J. Seligman 
Thomas C. Jones 
...and 30 others 


Try this important new reference 
book 30 days free 


1“With this comprehensive work, Grieco has clearly filled a marked 
gap in the infectious disease literature. Various sections should be of 
interest to a broad range of practitioners. . . should serve as an im- 
portant starting point and a useful reference source for any physi- 
cian concerned with the complicated but increasingly important pa- 
tient, the compromised host.” 

Philip A. Pizzo, MD, National Cancer Institute, NEW ENGLAND 
JOURNAL OF MEDICINE, Jan. 8, 1981 


“This work will serve the physician well in caring for patients with 
serious infections. It is well organized and easy to use for quick 
reference. It also serves as an extensive review of infections in the © 
defective host for specialists in infectious disease, pulmonary 
medicine, and cancer.” 

W. Lee Fanning MD, JOURNAL AMERICAN MEDICAL - 
ASSOCIATION, Jan. 2, 1981 


"This important text should play a valuable role in the understanding : 
and management of infections in the abnormal host and shows how - 
clinical microbiologists, immunologists, and infectious disease clin- 
icians can work together in the diagnosis and management of - 
patients." | 
D.M. Weir, Dept. Bacteriology, Univ. of Edinburgh, LANCET, July 

19, 1980 


2"This book is expertly edited. ..an outstanding feature is the - 


thoroughness in which the book is indexed. . . As a comprehensive - 
text for the academician and as a sound guide for the clinician in 
every field, the book is highly recommended. Immunologists, - 


microbiologists, oncologists, internists, and specialists in infectious 
diseases should either purchase the book or have a copy readily 
available as a reference. Medical and graduate school libraries 
should own copies." 

E.A. Gorzynski, IMMUNOLOGICAL COMMUNICATIONS, Sept. | 
7, 1980 


3"And so we must not only choose the correct antibiotic but also 

overcome the infection in this compromised, immunosuppressed 

patient or what we commonly term the person with poor resistance. - 
This clearly calls for a book of guidance and this is it, all 1,035 pages 

of it, beautifully edited, lavishly produced, and with the experience 

and wisdom of 47 contributors." 

D. Geraint James, FRCP, Dean Royal Northern Hospital, London, 

MILAN DAILY MEDICAL NEWSPAPER, May 1980 
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YORKE MEDICAL BOOKS, Box C-757, Brooklyn, N.Y. 11205 








New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. AJCH2 


| 
Please send, on approval, ^ . copies of INFECTIONS IN THE 
| pp pi | 
ABNORMAL HOST, edited by Michael H. Grieco. | will be free to read 
| and consult the book in any and all relevant situations for 30 days. If | 
| lam not convinced it is a valuable professional tool, | will return it | 
and owe nothing. Otherwise, | will remit $79.95 plus shipping. 
| | 
| . Send invoice, plus shipping. | 
| Payment enclosed, publisher pays shipping. | 
| Charge my credit card: | | MasterCard Visa. | 
j Card No. Expire Date | 
| | 
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| Address | 
| City State — ^ ^ Zip | 
L 


A131 





T a "x P. t 


$3 
t 
2 
ie, 
g~ 
71940... 
» «1 


5 "d gne 


4S. 
! J 


^ 


SW P 
C A 





INDICATION... 
OMING SOON. 


Piease see next page for Brief Summary of Prescribing Information 








RIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
M" BRAND OF propranolol! hydrochloride A beta-adrenergic blocking agent 






EFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 
CEPTOPS (ALPHA AND BETA), AND THE PHARMACOLOGY OF THIS DRUG 


eigen AREE Mm, or _ CONTRAINDICATIONS 
chia asthma: 2) allergic rhinitis during the pollen season; 3) sinus bradycardia and 
Ipater than Erst degree block; 4) carciogenic shock: 5) right ventricular failure secondary 
pulrnonary ypertension; 6) congestive neart failure (see WARNINGS} uniess it is sec- 
dary to a lachyarthyihmia treatable with propranolol: 7) in patients on adrenergic- 
augmenting psychotropic drugs (including MAD inhibitors), and during the two week 
withdrawal period from such drugs. 
Re WARNINGS 
CARDIAC FAILURE: In congestive heart fadure. inhibition with beta-blockade carries the 
potentat hazard of further depressing myocardial contractility and precipitating cardiac 
fanum in patients already receiving digitais, propranolol may reduce the positive inotropic 
actico-of digitalis and may have an additive depressant effect on AV conduction. 

N PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, in rare instances, cardiac 
faure has developed during propranolol terapy. At the first sign of impending cardiac 
failure. patieris should be fully digealized and/or given a diuretic, and observed closely: 
Cardio hmar continues, despite adequate digitalization and diuretic therapy, pro- 
lol shouid be immediately withdrawn; b) if tachyarrhythmia is being controlled, 
atens shold be maintained on combined therapy and closely followed until threat of 
ardiac failure is over. 


EN 










WITH-ANGINA PECTORIS, there have been reports of exacerbation of 
in some cases, myocardial infarction. following abrupt discontinuation of 
herapy, Therefore, when discontinuance of INDERAL is planned the dosage 
be gradually reduced and the patient carefully monitored. In addition, when 
ALIS prescribed for angina pectoris, the patient should be cautioned against 
tior«or cessation of therapy without the physician's advice, if INDERAL therapy 
ed and exacerbation of angina occurs, it usually is advisable to reinstitute 
herany and take other measures appropriate for the management of unsta- 
2 a Dectotis. Since coronary artery disease may be unrecognized, it may be 
dent to follow the above advice in patients considered at risk of having occult ath- 
erotic heart disease, who are given propranolol for other indications. 

























i: WITH THYROTOXICOSIS, possible deleterious effects from iong term use 
t Deen adequately appraised. Give special Consideration to propranolol's potential 
gravatirg congestive heart failure. Propranolol may mask the clinical signs of devel- 
inung Hyperthyroidism or complications and give a false impression of 
ai should be withcrawn slowly, since abrupt withdrawal may be fol- 
ation of symptoms of hyperthyroidism. including thyroid storm. Pro- 

yroid Tunction tests. 





própranoici, tachycardia was replaced by severe bradycardia 
ataker Ghore case, after an initial dose of 5 mg propranolol). 

SIA with agents thal require catecholamine release for 
ac functiors beia blockace will impair the desired inotropic 

juic be titrated caretully when administered for arrhythmias 





aia 











isis such ásisopro- —.. 
severe hypotension. 































iN PATIENTS PRONE TO NONALLESGIC BRONCHOSPASM (e.g , CHRONIC BRON- 
CHITIS, EMPHYSEMA), administer wit caution, since propranolol may block bronchodila- 
ton produced by endogenous and exogenous catecholamine stimulation of 
Deta-receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Propranoloi may prevent 
the appearance of premanitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia, especially in patients with labile diabetes. A precipitous elevation of 
biDod pressure may accompany hypcalycemic attacks. 

USE IN PREGNANCY: Safe use in human pregnancy not established. Embryotoxic 
effects have been seen in animals at doses about 10 times the maximum recommended 
heman dose 


PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be closely 
observed ii propranolol is administered, since it may occasionally produce hypotension 
and/or marked bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypoten- 
ion. 
Observe laboratory parameters at regular intervals. Use with caution in patients with 
irepaired renal or hepatic function. 


ADVERSE REACTIONS l 
Cardiovascular: bradycardia, congestive heart failure, intensification of AV Block: hypoten- 
sion, paresthesia of hands, arterial insufficiency, usually of the Raynaud type; thrombocy- 
tcoenic purpura. Cental Nervous System: lightheadedness: mental depression 
manifested by insomnia, lassitude, weakness, fatigue, reversible mental depression pro- 
g'essing to catatonia, visual disturbances; hallucinations: an acute reversible syndrome 
characterized by disorientation for time and place, short term memory loss, emotional 
‘ability, slightly clouded sensoríum, and decreased performance on neuropsychometrics. 
Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea. 
censbpation, mesenteric arterial Ihroreosis, ischemic colitis. Allergic. pharyngitis and 
agranulocytosis, erythematous rash, fever combined with aching and sore throat, laryngo: 
spasm and respiratory distress. Respiratory. bronchospasm. Hematologic: agranulocy- - 
ISS, nonthrombocytopenic purpura, thrombocytopenic purpura. Miscellaneous: —— i 
reversible alopecia. Oculomucocutaneous reactions involving the skin, serous membranes 
aac conjunctivae reported for a beta-ciocker (practolol) have not been conclusively asso- 
ated with propranolol. Clinical Laboratory Test Findings: Elevated blood urea levels in 
patents with severe heart disease, elevated serum transaminase, alkaline phosphatase. 
'actate dehydrogenase. 

TREATMENT OF OVERDOSAGE OR EXAGGERATED RESPONSE 
BRHADYCARDIA — Administer atropine (0.25 to 1.0 mg) if there is no response to vagal 
biockade, administer isoproterenol cautiously CARDIAC FAILURE —Digitalization and 
Giuretics, HYPOTENSION — Vasopressors, e.g., trevarterenol or epinephrine (there is evi- 
dence that epinephrine is the drug of choice). BRONCHOSPASM — Administer isopro- 
terenoi and aminophylline. 


HOW SUPPLIED 

TABLETS 
No. 461-- Each scored tabiel contains 16 mg of propranolol hydrochloride. 
No. 462 —Each scored tablet contains 20 mg of propranolol hydrochioride. 
No. 464--E ach scored tablet contains 40 mg of propranolol hydrochloride. 
No. 468— Each scored tablet contains BO mg of propranciel hydrochtoride. ~ 
Each tabiel strength is available in bottles of 100 and 1,000. Also ie unit dose package of 
190. E 
IRJECTABLE l 
No. 3265— Each m! contains 1 mg of propranolol hydrochloride in Water for injection. The- 

pH iS adjusted with citric acid. Supplied as: t rl ampuls in boxes of 10. eed 
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From the publishers of 
the American Journal of Medicine 









Jay S. Skyler, M.D., 
University of Miami School of Medicine 


George F. Cahill, Jr., M.D., 
Harvard Medical School and Howard Hughes Medical Institute 


60 internationally prominent contributors provide in 26 papers a comprehensive overview of the 
current thinking on the causes, mechanisms, treatment and complications of diabetes. 


Featured topics include: 


| The causes of diabetic inheritance 
Immune factors of diabetes 
Mechanisms of diabetes (The culmination of 50 years of research) 
Autoimmunity 
New understandings in the mechanisms of insulin dependent and non-dependent diabetes mellitus 
New developments in the treatment of diabetes 
Methods of monitoring blood glucose and the use of glycosylated hemoglobin 
Pharmacology of oral hypoglycemics 
Use of insulin infusion devices 
Human insulin produced by recombinant DNA technology 


If it is important to you in your practice to stay up-to-date on the latest developments in Diabetes 
Mellitus and you need a quick reference on the topic, then this is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981 248 pp. 0-914316-23-0 (clothbound) $29.50 0-914316-30-3 (paperbound) $19.50 
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The pacemaker security system. 
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- "ems like fist a few years ago 
Phat Sa ote was playing “catch up.’ 


| Other older manufacturers had a head start, had | 
been in business much longer, had established per- 
— formance records. 


f f Then | in 1979, came the breakthrough. The revolutionary 

' Programalith® the world’s first multi- -programmable pacer 
Í p Pacesetter's already unique two-way telemetry, originally 
| introduced in 1972. | 
. Now, 36 months and 20,000 registered implants later, Paceset- | | 
A ter has established a virtually unequaled performance record //; 
\ Of - own— 99.58% reliability, making it today's obvious /⁄ 

choice. H 


\ Because while Pacesetter has been establishing its 
NR agora: history of reliability, the com- , 
petition has had to busy itself with = (a. sourcopy 
SS pty very different. dip P gr uz 
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i" Pacesetter Systems, Inc. 


12884 Bradley Avenue, Sylmar, CA 91342 USA - (213) 362-6822 + Telex: 698415(Paceseter Sylm) 


SS 
write to us at the address below. 




























sored b y the asc College of Cardiology 


Opening Statement 







-MAX HARRY WEIL, MD, PhD, FACC, Chairman. GARY J. ANDERSON, MD, FACC, Co-Chairman 


- Following the traditions established by the American 
esda Conererices have developed reports bearing on 
t lac practices. The Bethesda Conferences were 
. designed to deal with the controversial medical issues 
for which guidelines were needed. Like each of its 12 
. predecessors, this Bethesda Conference addressed those 
_ subjects that were perceived to be of critical importance 
-. with respect to their impact on patient care and national 
- policies bearing on the delivery of that care. The so- 
-called “Delphi” method, which was developed by the 
= Rand Corporation more than 25 years ago, was utilized. 
< It was based on the deliberations of a broadly repre- 
sentative group of experts as a basis for peer consensus. 
-- Position statements were developed by individual ex- 
. perts: The Conference participants were organized into 
__ five Task Forces and the statements were circulated to 
the members of the Task Forces before the meeting. A 
e interchange of concepts and supporting data before 
. and at the Conference provided the basis on which peer 
'. €onsensus was reached by individual Task Forces. The 
‘reports of individual Task Forces were then deliberated 
| and acted on by the Conference meeting in plenary 

















"The specific objective. of this Conference was to pro- 
ide guidelines for optimal emergency cardiac care be- 
or hospital admission, in the Emergency Department 
and in the 6 hours after hospital admission. In recog- 
ition of the rapidly increasing complexity and costs of 





iber 26 and 27, 1981, Heart House, Bethesda, Maryland 


a * The recommendations set forth in this report are those of The Conference e obe and do not 


Conference: Emergency Cardi 


cardiologic care, the focus was on options by: whic 
highest. quality of life-saving cardiac care coul 
consistently and economically delivered in the cont 
of current Emergency Medical Service systems and 
resources of community hospitals. Methods of « organ 
zation, staffing and patient care were evaluated togeth 
with specific professional requirements for competent 
diagnosis and treatment. The Conference sought 
delineate those components that are of proved value: 
importance and to identify practices that would bes 
curtailed or discontinued. E 
The concept of a Bethesda Conference on Emerg 
Cardiac Care was conceived in 1973 by Dr. Leonard 
Dreifus, then Chairman of the Bethesda Confere 
Committee, in collaboration with Dr. Leonard Co 
who was then serving as Chairman of an Ad Hoc Con 
mittee on Emergency and Pre-hospital Care. Ti 
project evolved over the following years, largely t! 
the efforts of the members of the College's E 
Cardiac Care Committee serving as the Steering 
mittee of this Conference with the generous « 
of Dr. James Lewis and the members of th 
Heart Association's Sub-Committee on. 
Cardiac Care. | [. 
'The Conferees are pleased by the culminati 
efforts in the publication of this report. It 
peer consensus of practices that will undou 
vide a resource for continuing improveme 
policy and practices related to medical a 































































ent. opinions. In some cases, the 
perts did not make it possible to 


til such data are available, the Con- 
erved the option of acknowledging differing 
iven in those instances in which a consensus 
od, the Conferees were unanimous in their 
point that the specific content of this report is in- 
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JAMES V. WARREN, MD, FACC 


We have come a long way: As we gather in 1981 for the 
Thirteenth Bethesda Conference it is startling to realize 
that as recently as 1965, the Second Bethesda Confer- 


. ence! dealt with training techniques for personnel of 


coronary care units, a new hospital function of that 


period. In 1969, the Sixth Bethesda Conference? dealt 
with a new idea at that time—"'early prehospital care 
of the acute coronary suspect." How much has hap- 


pened since then. Even our language has changed. 
"Think of it—CCU, EMS, MEDIC, EMT, MCCU, 


ACLS, BLS and, of course, CPR have all been added. 


Twenty years ago we spoke fervently about a modern 


day plague of coronary artery disease. It was killing 
800,000 Americans annually. Today, the mortality rates 


— are lower. A chart (Fig. 1) from a recent report in the 


— British Medical Journal? tells the story. We don't know 


es sa 


just what is happening. Some part of the lower mortality 
rates is probably due to prevention, and some to ther- 


. apy, but it should not make us complacent.‘ Indeed, just 


the opposite—if we have the tools that seem to be ef- 


_ fective, let us put them to work with even greater vigor. 
-— Heart disease remains the major cause of death of adult 
. citizens in their prime. 


Historical background: When the cardiovascular 
system goes wrong, things are apt to happen rapidly; 
sudden death is the ultimate disaster, but no less im- 
pressive can be a syncopal attack, an episode of severe 


. chest pain, acute cardiac dyspnea or stroke. From the 


earliest recorded history we know that man has reacted 
to correct these calamities that appear so suddenly 


. leaving a body that is alive one minute, dead the next. 


The history of man's attempts to bring life back is fas- 


— cinating. Mouth to mouth resuscitation was described 


in the Bible. There were attempts centuries ago to 


. resuscitate a person electrically. One of my favorite 
JA vignettes is that of Leonardo da Vinci.® He was talking 


to an old man who suddenly dropped dead. Leonardo 
was so puzzled by this episode that he performed an 


= autopsy. He described it in a language that is a little 


_ difficult to decipher but that clearly indicated a heart 


damaged by arteriosclerotic disease. He said he carried 
out his study to find “‘la causa di si dolce morte"—the 
cause of so gentle a death. Now in 1981 we continue to 
look for that cause. 
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— Delivery System for Emergency Cardiac Care: 
The Medical Plan of Action 
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FIGURE 1. Deaths from cardiovascular disease, 1968 to 1977. (Re- 
printed from Rose G.? by permission of the British Medical Journal.) 


In the first half of the 20th century, we realized with 
increasing impact that we were experiencing an epi- 
demic of acute cardiovascular illness. Herrick’ had 
written that one could have a heart attack and recover, 
but the ultimate impact and full realization of the epi- 
demic was not perceived until almost mid century. In 
the 1920s, Samuel Levine® was preaching about the 
diagnosis of “acute coronary thrombosis.” Fortunately 
other developments soon followed, such as the ability 
to defibrillate the heart externally, the development o! 
electronic means for monitoring the circulation and fi. 
nally the demonstration that closed chest message could 
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e, but these units signaled the beginning of the 
ern era of monitored supportive care of the criti- 
ally ill that now occupies such an important role in 
y's hospital. 

was not until late in the 1960s that an obvious fact 
ame apparent. Our efforts were missing many pa- 
ents because they died before they could reach medical 
ire. For every patient who died in the hospital, another 
: ied outside. J. F. Pantridge!? in Belfast set up a system 

- of “flying squads"—— coronary care units on wheels—that 

ne responded to the physician’s call so that a patient with 

-an acute myocardial infarction might be brought to the 

-hospital with greater safety. Pantridge's ideas were 

- transmitted to America and the obvious place for their 

- attachment to our way of emergency care was with fire 

. department emergency systems that existed in many 
cites. In Miami,!? Seattle!4 and Columbus,!? for ex- 
ample, early programs demonstrated the validity of 

< Pantridge’s experience. The victim's life could be more 

- securely preserved during the ride to the hospital. Of 

equal or greater importance, patients could be spared 

. acute sudden death if the resuscitation effort was 

"prompt. Sudden death, a terminal phrase in our early 

- language, now became the “sudden death syndrome" 

. and the New England Journal of Medicine carried an 

- editorial on “recurrent sudden death."16 Things were 

. suddenly quite different. A new disease category had 
been created. Át a recent meeting of the American 
College of Cardiology, there was a panel on the “survi- 
vors of sudden death."!" In the experience of the three 
speakers, almost 1,000 patients were identified. Things 
really are quite different. 

-Modern emergency cardiac care: The lesson of 
mobile and hospital coronary care spread, and indeed 
the care of all critical illness utilized the mechanism of 

. electronic monitoring and intensive care by specially 

“trained nurses and medical technicians. We now live in 

a whole new world of intensive care. 

-These principles of critical care are the core of modern 
hospital care. Some of our critics have said that we are 
preoccupied with them, and we are, but we should not 

` let our concern about technology override our role as 

physicians. The challenge we face is to develop ways to 
utilize to the fullest current technology in the urgent 

. management of cardiovascular emergencies, yet retain 

. our role as physicians in caring for the patient in the 
broadest sense. The importance of the physician is 

| paramount. 

Although much of the actual emergency system will 
be operated by persons who do not have an MD degree, 

. the physician is the one who has the broadest base of 

. information and must set up the policies and procedures 
for the operation of the entire system. No matter how 

- smart we are about the techniques of emergency or 
critical care, if they are not practiced properly and with 
due caution, the results can be disasterous. A poorly 




















53-1 1 We had had hospital care of oor before that T ony call a Bethesd: « 


ormed enthusiast can do much harm. There is, un-- 


rtunately, some evidence t that this s may have iappened dis ment. T is | u fortunate if the 










status of emergency cardiac care. E 
Delivery system for emergenc cardi 
Exemplary emergency cardiac care requires mo 
a patient and a physician even though they 
critical ingredients. It requires a delivery system 
has been done in recent years to develop the sy 
There is still much to be done. I see several are à 
concern. These are: 
1. The system should operate so that the. pati 
may gain rapid access. He should know enough te I 
quest admission and we should be ready for him. A mo 
informed public is highly desirable. Courses on citizen 
cardiopulmonary resuscitation (CPR) not only have 
taught the technology of early coronary care, in itseli 
beneficial, but also have given the recipients a brief in- 
sight into the potential goals of good emergency care. 
I believe that we should support such efforts. Milone. 
have already received such training. 
2. A system of mobile emergency care with a cor 
munication network, first class equipment and well 
trained personnel is essential. In the United States, fire 
department systems have been an invaluable aid in this- 
part of the mission. Do you realize that an estimated - 
17,200 individual American fire departments are now. 
delivering prehospital emergency medical care to nearly - 
19 million patients each year?!? They should operate 
as part of the total medical care system. They should not 
operate in isolation. Even in these days of government 
economy, our communities should be stimulated to- 
provide this kind of a system. Fortunately, a good sys- 
tem can handle not only cardiovascular emergencies, 
but also all other kinds of acute medical problems. . 
3. The modern hospital emergency facility shoula 
be ready to receive these patients and should fit into 
its proper role as a well integrated linh in the machir 
Highly trained emergency physicians have done much 
for emergency room care during the last decade. How- 
ever, the National Research Council Committee on 
Emergency Medical Services recently held that in ti 
many cases "the crowding and poor staffing” of hospi ta 
emergency services “appear to have largely negat 
advances” in prehospital emergency medical servic 
They reported that studies continue to show that “p 
tients die or suffer avoidable disability as a result 
inadequacies in emergency department care.” They al 
noted that improvements accompanying the deve 
ment of emergency medical services includin 
strengthening of paramedic training and the imp 
ment of prehospital emergency treatment, and 
notification of the nature and severity of incoming 
“do not touch the basic problems, such as the 
of many emergency departments to deal with 
severely ill and injured patients." We sho: ud 
together for their continued improve 
4. Once admitted to the hospiti 
units such as an intensive care uni 
unit should also be integrat li 















































































































om A ke ib his area. He, too, is part 
tem. The working relations of all personnel 
uld be well defined. 
Cost must be considered. Good medical care is 
ensive, but it is no extravagance to operate a first 
ass emergency system. It may prevent much more 
serious and more costly disease. The physician again has 
important role; he should indicate the need for 
'ommunity support of such a system. 

Role of the physician: Good systems are not pies in 
he ky; they are real functions that are taking place in 
' communities in the United States today. I must 
erate: The keystone of the whole structure is the 
physician. He must be knowledgeable, interested and 
ing to work with others to utilize modern medical 
snowledge to deliver the best in emergency care. What 
delivered will vary with the setting and should con- 
stantly | be upgraded by advances in knowledge, greater 
; xperience and new drugs and equipment. The physi- 
sian will deliver only part of the care himself. Much will 
be delivered by others. Some say that the system should 
operate with “medical control." I strongly agree, but 
worry that the term has a confusing and distasteful 
meaning to other personnel. To me, medical control 
neans that the system operates under the direction of 
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tive. In these peer radical matters, the phys ( ian 
has the broadest base of information and should be in 
eharge, but at any given moment he may be less expe- 
rienced than his associates. The physician has the broad 
plateau of information, but at a specific moment in an 
emergency situation a medic may have a narrow peak 
of information that exceeds that of the physician. We, 
at this Conference, should challenge our colleagues not 
only to know the medical facts, but also to have a 
knowledge of the system and to understand the nuances 
of its operation. 

It is this final point, the medical plan of action, that 
Dr. Weil and his associates have asked us to give our 
particular attention to during this Conference. Unless 
we know where we are going medically, the whole system 
can flounder. We need to identify the best game plan for 
meeting each type of cardiac emergency. Each task force 
has its mission. How do we categorize different medical 
states for communication within the system? How much 
should we depend on electrocardiography? What is the 
role of the emergency physician in relation to the car- 
diologist? When should a Swan-Ganz catheter be used? 
Should narcotics be used in the field? These are only a 





sample of the questions that make up the medical core 


of the operation of the system. This group of experts was 
assembled to formulate in a Delphic style the advice for 
operating an exemplary system. We need consensus. It 
should be specific. It should be bold. The task is large. 
I am confident that the report of the Thirteenth Be- 
thesda Conference will be a wise document. 
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— Cardiac symptoms, signs and syndromes may be cate- 
- gorized as emergent, urgent or of no immediate impor- 
tance.! The urgency of a given symptom or sign may be 


related to its timing. For instance, “new” angina may 


-be interpreted differently when it first occurred 1 week 
earlier than when it appeared only 1 hour earlier. Fa- 
miliarity with a patient or a careful history of events 


.. may, therefore, moderate interpretation of specific 


_ symptoms and signs. General evaluations may provide 
~ more important diagnostic information than a specific 


.. cardiac examination. Syncope in a young person, for 
|. instance, is much less likely to be evidence of a cardiac 


crisis than is syncope in the elderly. 


Hypertension 


p. ` Emergent: When the diastolic pressure is in excess 

of 130 mm Hg, hypertension should be regarded as a 
cardiovascular emergency. It is also emergent when 
* diastolic pressure exceeds 110 mm Hg in association 


: v with dyspnea (orthopnea), wet rales or fulminant pul- 
-monary edema, angina pectoris; papilledema, severe 


headache, visual disturbances of acute onset, localizing 


p neurologic signs or altered mental state (or both), con- 


_ vulsive seizures or oliguria. 

_ Urgent: Hypertension should be considered urgent 

| when diastolic blood pressure ranges from 110 to 130 

mm Hg in association with mild or moderate dyspnea. 
.. Patients with these findings have crepitant rales con- 
~ fined to lung bases, persistent tachycardia and, in many 
` instances, a pathologic gallop rhythm. 

^ . Not urgent: Hypertension should be considered not 

-> urgent when the diastolic pressure ranges from 90 to 109 
. mm Hg without symptoms or signs excepting increased 
` constriction or tortuosity of retinal arteries in the ab- 


-> -sence of other funduscopic changes. 


Altered Rate and Rhythm 


— [nthe acutely ill patient it is recognized that virtually 
any arrhythmia may exist. The delivery of appropriate 
. -eardiovascular care is dependent on the identification 
> and correct interpretation of that arrhythmia. Many 
apparently “dangerous” arrhythmias are not of them- 
elves necessarily indications of an acute medical con- 
ition. They may occur in the absence of heart disease. 
‘or instance, symptoma tic ventricular tachycardia, 


a D 


ict il premptare beats : and heart block E 


are encountered in patients with an otherwise nc 
heart. The reverse is equally true. High degrees of 
block and sustained ventricular tachycardia may 
in the absence of symptoms. | 
Therefore, assessment of the clinical significan of 
a cardiac arrhythmia is contingent on much more th 
electrocardiographic criteria and includes a da 
of the clinical history and pulmonary and me 
evaluation in addition to cardiovascular stud | 
assessment should be prospective, circumspec anc : 
retrospective. For instance, complex ventricular pre 
mature beats may have been first identified ye : 
during an unrelated medical crisis and they mi have 
little relevance to the diagnosis of acute. mye : 
infarction. me 
Arrhythmias may be classified as follows: > =o 
Emergent: Arrhythmias are considered emer 
when the rate or rhythm disturbance causes or is asso 
ciated with: hypotension, signs of cerebral or myocard 
ischaemia, heart block and ventricular arrhythmia o 
persistent sinus tachycardia (especially when these 
associated with clinical signs of organic heart diseas 
history of prior myocardial infarction). a 
Urgent: Arrhythmias are considered urgent 
they occur in asymptomatic patients or in the s 
of mild symptoms (mild dyspnea, fatigue or paly 
without evidence of cerebral or myocardial is 
when heart rate exceeds 170 beats/min or: 
rate ranges from 30 to 40 beats/min or less; wh 
in electrical systole of 3 seconds or more are 
when ventricular tachycardia in which the rate 
90/min is identified and when previously undi: 
*complex" premature ventricular complexes app 
patients without overt evidence of myocardt 
ease. | 


Chest Discomfort 


Cardiovascular emergent: A practical s she 
diagnostic categorization is presented in Ta 
discomfort is regarded as emergent when 


sistent or recurrent thoracic, neck, jaw or 


sociated with electrocardiographic cl 
dial ischaemia unrelieved by rest. 
glycerin or both; after sudde 


weakness; when the patient | 
. diaphoresis; i in rhe setting of h 










Conditions requiring urgent 
SIONRY O observation including 
disease c conventional coronary care 
ind po! Maliy life 


de Hacen vA intervention. 





or diagnostic and therapeutic 
el M entions. 



































optysis, iachibnea or dyspnea, syncope, mental 
Xtundation, convulsions, hypotension or decreased 
ulse pressure, bradycardia, sustained tachycardia, ir- 
egular heart rhythm, previously undocumented pre- 
cordial thrill, impulse, or cardiac murmur, wet rales on 
ung auscultation, signs of deep thrombophlebitis or 
nce of mediastinal displacement and especially 
acheal shift. A patient who has a sustained sense of 
ending doom after the onset of pain should also be 
regarded as emergent for purposes of more compre- 
nsive evaluation. 

Urgent: Chest discomfort should be considered ur- 
rent when the patient has a moderate increase in the 
equency and severity of angina pectoris relieved by 
troglycerin or rest or both; a history or physical signs, 
both, of accelerated but chronic cardiac decompen- 
tion; recurrent or persistent substernal discomfort in 
absence of abnormal physical findings; relief of a 
w and persistent episode of chest pain if there has 
p ior documented or suspected myocardial in- 
O1 igus: or ‘symptoms, or both, of pericardial 








t+. 


ergent: Chest discomfort is regarded as not 
; when the patient has a history and physical 
onsistent with typical angina pectoris with 
mptoms related to exertion or emotional stress, or 
t it are promptly relieved by sublingual nitro- 
or rest, or both; and no new abnormal history 
igns on: cardiovascular examination. 
diovascular: Common causes of chest dis- 
to be regarded as noncardiovascular 
thoracie radicular nerve pain; mus- 
thoracic cage injury or localized or 
zall inflammation; a history of hi- 
adder disease strongly suggesting 
s. Unilateral hyperresonance, 
is an decreased inspiratory ex- 

















. | Cardiovascular: Urgent | 


monitoring but no immediate 


pneumo i represent : 


Cardiovascular: Not 
Urgent 






History and physical signs 


indicate other noncardiac 
cause 






No monitoring; patient referral 
is advised. 


primary pulmonary causes of chest discomfort. Uni- 
lateral dullness on percussion of the thorax, mediastinal 
shift and decreased inspiratory excursion of the hemi- 
thorax and diaphragm suggest that hydro- or hem- 
othorax is the cause of discomfort. Signs and symptoms 
of intraabdominal ruptured viscus, ectopic pregnancy, 
intraabdominal bleeding, subphrenic abcess or basilar 
pneumonia represent abdominal or diaphragmatic 
causes of discomfort. However, in no instance can any 
type of chest discomfort be regarded as incompatible 
with ischemic heart disease. 


Dyspnea 
History: Dyspnea is a nonspecific syndrome. The 
remote and the recent history may each help to deter- 
mine whether acute dyspnea is likely to be of cardiac or. 
noncardiac cause. Noncardiac dyspnea may then be 


ALTERED ALERTNESS 





(SYNCOPE) 
Seen CARDIOVASCULAR 
UNCONSCIOUS 


| CONSCIOUS 








ALERT AND 


 DISORIENTED "CARDIOVASCULAR | 
ORIENTED manns | z 


EMERGENT 


mm BLOOD. PRESSURE ud 
AND HEART RATE/RHYTHM 


NORMAL BLOOD PRESSURE 
AND HEART RATE/RHYTHM 






Noncardiovascular 
and physica signs clearly indicating a noncardiac 
€ atta injury—brulses, fractured ribs, etc. 


: Gardiovasoular: | 
Urgent 


Signs and symptoms 
Fractured sternum 
| Rales = 
| p Hemoptysis 
Ag whee! inre | 7 P | Cardiovascular. murmurs, 
id gunshot wounds. En | | thrilis and bruits 
oreign objects (gass: | Neck vein distention 
00d, i | | Mild hypotension 
Bruise on chest 
Types of injuries 
infarctions... 
Mediastinal flutter, 
flail chest (sternal).— 
paradoxical respiration 
Aneurysm formation 
Arrhythmias 
V Signs of constrictive 
écchymo pericarditis (see tamponade) 
of Sinh or oie abak vin 
Respiration— slow, rapid, Paradoxical 
Signs. —— 
\bsence or decrease in pulse; heart sounds 
re or progressive hypotension .— 
! F abnormal heart rate and rhythrr 
igns of tamponade (pulsus paradoxus, elevated venous 
Ssure, décrease n n ydo peesum 


of iae failure s (with or without associated rales, 
| hemoptysis) 


Ses or pilos differential upper and lower limbs 
limb—cold, prom 


* 9 of injuries 


Or n— penetrating 
‘oronary arterial laceration 
Pericardial tamponade 
Heart biock 
Hemothorax/pneumothorax 


Tears/lacerations 
Pericardial 
Ventricular 
Valvular 
Atrial 
Septal 
Aortic 
Bundle of His 

Wu» of great vessel M 
. Aortic T. 
Innominate . Au: 

tic 3 



























operation in a patient who has an 














n igina, palpitation or hemoptysis, pallor or 
n cyanosis or both, in the presence of overt wheez- 
oerspiration in the presence of either tachycardia 
| pulse rate exceeding 100 beats/min) or an ab- 
ormally slow heart rate (less than 50/min); the pres- 
ence of a grossly irregular heart rhythm or hypertension 
with a diastolic blood pressure exceeding 110 mm Hg, 
. Physical signs: Physical signs that indicate the 
likelihood that dyspnea is of cardiac origin include in- 
creased venous pressure, a laterally displaced apical 
impulse or ventricular impulse, prosthetic heart valve 
sounds, a loud third or fourth sound, or both (gallop 
rhythm), pathologic cardiac murmurs and, especially, 
a diastolic murmur, or association of such murmurs with 
ever, bilateral pulmonary crepitations, sternotomy or 
horactomy incision, an implanted electronic pace- 
. maker, pulsus paradoxus or pulsating neck veins or 
- liver, or both. Dyspnea of cardiopulmonary origin may 
- be classified as follows: 

. . Emergent: Dyspnea is emergent when the respira- 
_ tory rate exceeds 40/min, when it is increased in the 
_ supine posture, is accompanied by extreme distress and 




















s productive of froth or blood), when it is accompanied 


y chest discomfort, back pain, an aortic diastolic 
murmur and unequal pulses or severe disturbance of 
- cardiac rate or rhythm. 

. Urgent: Dyspnea is urgent when the patient is un- 
. comfortable but not severely distressed, the respiratory 
_ rate is less than 40/min, the patient is comfortable when 
_the heat is raised by two pillows, when jugular venous 
ressure is only minimally increased and when an 
ectronic cardiac pacemaker or one or more prosthetic 
ves appear to be functioning normally. 

Not urgent: Dyspnea is not urgent when the respi- 
ory rate is less than 30/min, the patient is comfort- 
ble lying supine, jugular venous pressure is normal and 


ne lungs are free of rales. 



























~ Syncope and Presyncope (Fig. 1) 


teration in mental alertness and, especially, the 
iset of syncope may be the first indications of 
lar malfunction resulting in critically re- 
al blood flow. Accordingly, the conditions 
ho present with disorientation or loss of 
are classified as follows: 

ihe patient's condition is considered 
he presents with loss of consciousness 
1 conjunction with an abnormal heart 
an abnormal level of blood pres- 


t cardiovascular causes include ab- 












vasovagal syncope. | 

Noncardiovascular: Noncardiovascular causes are 
suspected when there is a history of seizure disorder, 
when hyperventilation syndromes are identified, in the. 
presence of hypoglycemia, after head trauma and after 
massive blood, fluid or electrolyte losses. Bacteremia, 
drug ingestion, migraine and hysteria are other non- 
cardiovascular causes. 


Cardiac Trauma (Table Il) 


Cardiac trauma is described as the most common, 
unsuspected visceral injury responsible for accidental 
death. Whereas a penetrating wound is self-evident, the 
injurious effects of nonpenetrating trauma may be more 
occult, especially if symptoms and physical findings are 
meager. More important, it is often suspected because 
more obvious injuries tend to obscure it. 

Acute cardiac injuries include myocardial contusion, 
transmyocardial necrosis and lacerations or rupture. 
involving the pericardium, myocardium, interatrial or 
interventricular septum, papillary muscles, cardiac 
valves, the conduction system and coronary arteries. 
Delayed effects include rupture of a ventricular aneu- 
rysm. 

Whereas the heart appears to be protected within the 
chest, in reality it is vulnerable. In sudden decelerating 
injuries, the heart can be thrust against the chest wall, 
compressed between the sternum and the vertebral 
column, or pierced with fragments of bones or foreign 
objects. Myocardial contusion with pathologic findings 
of hemorrhage, edema, fragmentation of muscle fibers 
and hemopericardium is the most common injury. 
Discoloration of the skin or chest pain may be the only 
clinical signs of chest wall injury. A pathologic murmur, 
a pericardial friction rub or signs of cardiac tamponade 
should alert the examiner to myocardial tear, valve in- 
jury or injury to the great vessels. Penetrating stab - 
wounds carry the threat of hemorrhage and cardiac - 
tamponade and therefore require careful observation _ 
with continuous monitoring. 






Reference 


York Heart Association, No- 
ises o the Heart and. < 





ases of the 
































































































JAMES LEWIS, MD, FACC, (CHAIRMAN), 
IN M. McINTYRE, MD, JD, FACC, (CO-CHAIRMAN), 
IES M. ATKINS, MD, FACC, DAVID BOYD, MD, 


JGENE L. NAGEL, MD, FACC 


The Medical Director 


: The delivery of emergency cardiac care in the field and 
. on admission to the hospital is contingent on the larger 
base of an emergency medical system. À community 
must have an integrated emergency medical services 
. system and must clearly define its scope of activity and 
responsibility. The system of prehospital emergency 
- cardiac care should be under the continuing supervision 
of a physician skilled in emergency medical care who has 
_a strong working knowledge of the entire emergency 
- medical care system including field operation and skills 
and services performed by paramedics. The medical 
_ director must be able to communicate well with other 
physicians, nurses and administrators, and have active 
involvement in the training of paramedics. The au- 
thority and responsibility of the medical director should 
be defined in a formal agreement between the physician 
medical director and the appropriate governing au- 
thority. The medical director is responsible for training 
of personnel and for medical management of the 
emergency medical system and therefore must (1) re- 
view the content of the initial training course and of 
continuing education and recertification courses; (2) 
perform quality control studies to monitor the con- 
tinuing operation of the system; and (3) maintain dis- 
< cipline among prehospital personnel, having authority 
~ to suspend providers from services temporarily or per- 
- manently if warranted. The medical director must have 
^ access to the medical records of both prehospital and 
hospital management for purposes of audit and quality 
. €ontrol to fulfill his or her responsibility for investi- 
. gating alleged deficits of performance and to provide 
-. both positive and negative reinforcement in a leadership 
role. Although the medical director is ultimately re- 
- sponsible for the quality of care, some of these duties 
. may be delegated.!-!5 


On-Line Field Operations 


~ On-line medical direction of field operation is a basic 
. requirement but methods of operation are contingent 
-Con the unique circumstances of the population to be 
- served, the geography of the area and the resources of 
ersonnel and facilities that are available. In a system 
which only one paramedic team delivers a patient to 
one physician, there may be little need for elabo- 
ate management: ystems and technical: resources. In 
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a large system in which sizable teams of parainedie 
bring patients to many hospitals, more elaborate m mat 
agement systems may be required.7-!? Bru 


Direct Voice Communication and Telemetry 


Direct voice communication with the paramedics i 
the field is essential. A telephone may suffice in rur: 
areas. However, radio contact assures more rapid access 
to medical direction. Electrocardiographic transmi 
sions by telemetry may or may not be utilized. Telem 
etry is a management tool that may be useful in larg 
systems to facilitate supervision of personnel. T'elemet1 
may also be useful to prevent deterioration of skills i 
instances of low volume operation. The subject of te 
lemetry is discussed in additional detail in the repo: 
of Task Force III. Electrocardiograms may be tran: 
mitted by telephone negating the need for radio te 
lemetry.7-15.20,21 

Physician: The physician providing Gializie medi 7 
direction must be knowledgeable about the workir 
of the emergency medical services system, the drugs at 
equipment on board the ambulance and the proloco 
used by the system. The physician or physicians mus 
by virtue of training and experience, be capable | 
handling acute medical, surgical, pediatric and beh 
ioral emergencies. The physician should: Touti: 
handle emergency situations and in turn be respo 
to the system’s medical director. 15. 2 

Nurse: Specially trained emergency nurses ma 
direction to paramedic units but cannot be au 
because the ultimate responsibility of the physici 
medical direction cannot be abrogated. Such. n 
must be knowledgeable about the workings - 
paramedic system, the drugs and equipment c 
the ambulance, the protocols used by the systen 
management of medical/surgical, behaviora 
diatric emergencies. Physicians and nurse : 
must review the performance of nurses fuli 
role and must be available for consultation 
nurse's capabilities are exceeded! — — 





What is the Role of Treatment P 
Prehospital Emergency Ca 

All systems must have protoi 
most common emergencies. The 
essential for me taining of para n 
















Oyen can be provided to the spontaneously 
PRSE patient m several devices, including masks 





















cdi ena resuscitators are peas 
elivering 100 percent oxygen. Oxygen should be used 
| caution i in patients with chronic obstructive pul- 
onary disease. Such patients may need ventilatory 
istance when treated with high concentrations of 





Dosa ge: Blood levels of the drug should be main- 
ned i in an SN ccu suppressive range of 1.5 to 6.0 
B 


TT syringes: 5 ml: 50 mg/5 ml (1 percent); 10 
ml: 100 HN 10 ml (1 percent); 5 ml: 100 mg/5 ml (2 per- 
id 

















w upplied: The drug is available as Bretylol® in 
pule containing 900 mg of bretylium tosylate. 
n is useful in the treatment of ventricular fi- 
on. It should also be considered in the treatment 
cular tachycardia when other standard drug 
ica therapy has failed to effect termination 











filled syringes: 10 ml: 1.0 mg/10 ml (0.1 mg/ml); 
'n ioa ml I 1 mg/ml). 28-30 
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at the lowest dosage that will provide a sntiefáetory . 
heart rate response. Extreme caution is particularly 
indicated in the patient with acute myocardial infarc- 
tion. A heart rate of approximately 60 beats/min is 
generally thought to be acceptable. A more rapid rate 
may be desirable under some circumstances. If ven- 
tricular arrhythmia appears, the infusion should be 
decreased or terminated. 

How supplied: Isoproterenol is supplied in 1 mg 
vials. An intravenous solution may be prepared by the 
addition of 1 mg of isoproterenol to 500 ml of 5 percent 
dextrose in sterile water, producing a concentration of 
2 pg/ml, or by the addition of 1 mg to 250 ml of 5 percent 
dextrose in water, producing a concentration of 4 ug/ml. 
Sublingual isoproterenol (2.5 mg) is available and may 
be useful as an immediate approach to increasing 
symptomatic bradycardia when an intravenous line is 
nct in place. 





Epinephrine* 


Dosage: The recommended dose of epinephrine is 0.5 
to 1.0 mg (5 to 10 ml of a 1:10,000 solution) given intra- 
venously during the resuscitation. It may be necessary 
to repeat this dose at 5-minute intervals because of the 
short duration of action of epinephrine. If there is a 
delay in establishing an intravenous line, the tracheo- 
bronchial route may be utilized. Chest compressions are 
momentarily interrupted while epinephrine is intro- 
duced intratracheally. Positive pressure ventilation is 
then applied and compression resumed. | 

The rapidity with which epinephrine is absorbed 
across bronchoalveolar structures and its appearance 
in blood was shown in an experimental study in dogs in 

cardiac arrest, using radioactively tagged epinephrine.?! 
This same study identified a sustained concentration 
of epinephrine in plasma after a decline from the initial 
peak concentration, indicating potentially beneficial 
continued absorption of the drug from the airway. Other 
investigators?? have reported a similar time course of 
blood concentrations of epinephrine after endotracheal . 
injection. Although it is evident from these findings that id 
a larger dose is required to achieve an equivalent press 
response when the endotracheal route is used, further - 
data are necessary to quantitate the relation between : 
endotracheal and intravenous doses. It is reasonable to — 
recommend that in adults the full 10 ml of 1:10,000 so- — 
lution (1 mg) be injected into the tracheobronchial 
tree. 

If neither the intravenous nor the intratracheal route - 
of injection is available, or if injection by either route . 
fails to produce an apparent response, epinephrine may _ 
be injected directly into the heart. The possible hazards _ 
of intracardiac administration should be kept in mind: d 
These include interruption of chest. € mp ession and E 
ventilation, coronary arte lace ji ; E 














sor 








onade, pneumothorax and intramyocardial injec 
hich, in the case of epinephrine, may produce intr: 
ble ventricular fibrillation. For these reasons, t 













method of injection. 
pinephrine can also be administered as a contin- 
infusion, for example, to increase and sustain the 
'ial pressure or heart rate, or both. Àn infusion can 
repared by adding 1 mg of epinephrine to 250 ml of 
ercent dextrose in water. Infusion can be started at 
1g/min and increased to 3 to 4 ug/min as needed. 
phrine infused at a rate of 0.04 ug/kg per min has 
een shown to increase both cardiac index and arterial 
.. pressure in human subjects.?? 

_ Precautions: Epinephrine should not be added di- 
-` rectly to a bicarbonate infusion, because cathechola- 
... mines may be partially inactivated by an alkaline so- 
<: Jution. The danger of intramyocardial injection has al- 
- ready been pointed out, but deserves reemphasis. 
How suplied: 


Bole Ampules: 1 ml (1 mg in 1:1,000 dilution). 
5o Prefilled syringes: 10 ml (1 mg in 1:10,000 dilu- 
tion), 










— Norepinephrine* 
- v Dosage: When indicated after cardiac arrest, the use 
|... of 16 ug/ml of norepinephrine is advised. The drug 
-should be titrated intravenously in 5 percent dextrose 
. án water or in 5 percent dextrose in saline solution. This 
. solution should be administered through a catheter well 
| advanced into a vein. After observing the response to 
an initial dose of 2 to 3 ml/min, the rate of flow should 
be adjusted to establish and maintain a low-normal 
blood pressure (usually greater than 90 mm Hg systolic) 
or, in previously hypertensive patients, a slightly higher 
than normal pressure. Abrupt cessation of therapy may 
result in acute severe hypotension. 
How supplied: Norepinephrine is supplied in a 0.2 
percent solution that contains 8 mg of levarterenol bi- 
tartrate (4 mg levarterenol base). Two ampules of this 
solution should be added to a liter of 5 percent dextrose 
< -in water to produce a concentration of 16 mg/l, or 16 
-- pg/ml. 


^. Dopaminet : 

x Dosage: Dopamine is available for intravenous use 
— only. The initial rate of infusion may vary from 2 to 5 
. ' ug/kg per min. The infusion rate is increased until blood 
. pressure, urinary output and other variables of organ 
- perfusion show response. Although most patients will 
respond to infusion rates well below 20 ug/kg per min, 
© the lowest infusion rate that results in satisfactory 














- of 50 ug/kg per min have been used. The infusion rate 
- may require frequent adjustment to maintain the op- 
timal hemodynamic response at the lowest possible 
infusion rate. To optimize the hemodynamic response 
it may be necessary to monitor left ventricular filling 























itravenous or intratracheal route is the preferred 


ml of 5 p 


< perfusion should be the goal of therapy. Rates in excess. 















contain 200 mg of dopam 

taining 200 mg of dopamin 

5 percent dextrose of lactate, a concentra 

800 ug/ml will result. When one ampule o 

mixed in a 500 ml dilution, a concentration of 40 
will result. pr EE 



















Calcium” u A 

Calcium has been used in treatment of cardiac 
for many years. Its efficacy has not been estab 

Dosage: It is difficult to determine precisely ho 
much calcium might be effective in the treatment o 
cardiac arrest. A 10 ml prefilled syringe or ampule of 1 
percent solution of calcium chloride contains 13.6 mE 
of calcium (100 mg = 1 ml). Calcium chloride can b 
given intravenously in a dose of 5 to 7 mg/kg of 10 per 
cent solution (approximately 2.5 to 5.0 ml of 10 percen 
solution) and repeated if considered necessary at 1 
minute intervals. Such doses of calcium chloride hav 
been used safely and effectively in anesthesized | 














































tients.3536 Two other calcium salts are available: cal 
um gluceptate and calcium gluconate. Calcium. 

ceptate can be given in a dose of 5 to 7 ml. (4.5 to. 
mEq). These doses are approximately equivalent to t. 
suggested for calcium chloride. Because of its instability 
calcium gluconate is no longer in frequent use. Ther 
is evidence that calcium chloride produces consistent! 
higher and more predictable levels of ionized calciur 
in plasma compared with the other preparations i 
equivalent dose; therefore, calcium chloride is pre 
ferred.?7 | V 

How supplied: ET 


Prefilled syringes: 10 ml calcium chloride, 1 
percent; 5 ml calcium gluceptate, (1.1 g); oe 

Ampules: 10 ml calcium chloride, 10 percent; 10n 
calcium gluconate, 10 percent; 5 ml calcium glucepta 
(1.1 g). 5o HERBERT 


Nitroglycerin (Sublingual)? To 
Dosage: The recommended dose for nitroglyce 
0.3 or 0.4 mg sublingually. The drug is less effe 
when swallowed because of deactivation in the 
initial dose of 0.3 or 0.4 mg may be repeated 
minute intervals to a total dose of three tablet 
comfort is unrelieved. . Ro x 
How supplied: Nitroglycerin is commonly: 
in 0.3 mg (1/200 grain), 0.4, mg (1/150 grain) : 
(1/100 grain) tablets, all in bottles of 100 tabl 


Sodium Bicarbonate* | 
Dosage: In the past, too much emphasis 

placed on the administration of sodiun 

during cardiac arrest, and not enou 









t See report of Task Force IV. —— 

























































e in small doses may be helpful, in 
alveolar ventilation, in maintaining 
iydrogen ion concentration (pH) during 
st. 
n iequivalent per kilogram of sodium bicar- 
inate can be administered as the initial dose. From 
practical standpoint, this would usually be 50 to 75 ml 
of the 8.4 percent solution in 50 ml prefilled syringes 
ntaining 1 mEq/ml. If the period of arrest was very 
ef, for example 1 to 2 minutes, it is probably unnec- 
ry to give any sodium bicarbonate. Whenever pos- 
he need for further sodium bicarbonate should 
termined by measurement of pH and PaCO; and 
leficit calculations. If such measurements are not 
able, as during out of hospital treatment of car- 
ac arrest, then only half the initial dose can be given 
jirically every 10 to 15 minutes during arrest. This 
usually be in the range of 25 to 40 mEq. 
Effective alveolar ventilation must be considered a 
tical component of acid-base regulation during 
ardiac arrest. Alveolar hyperventilation with a PaCO. 
in the range of 25 to 35 mm Hg will be helpful in ad- 
tment of pH. It has been shown“ that defibrillation 
more likely to be achieved in patients whose arterial 
is near normal (mean 7.36) than in patients with a 
w pH (mean 7.23). The retrospective nature of this 
bservation is acknowledged but certainly this finding 
be considered a reasonable guide for antacid ther- 
y during cardiac arrest. Although many other factors, 
neluding hypoxemia and duration of ventricular fi- 
lation, also determine the likelihood of defibrillation, 
would seem reasonable to keep the pH near normal 
z cardiac arrest by means of alveolar ventilation 
5, 25 to 30 mm Hg) with administration of sodium 
ate only as needed. 
mmary, arterial blood analysis of pH and PaCO; 
ase deficit calculation should be used whenever 
le to determine the need for sodium bicarbonate 
nt. If such analysis is not feasible, an initial dose 
iq/kg can be given to the patient with cardiac 
d thereafter only half this dose administered 
juently than every 10 to 15 minutes. Me- 
tention to adequate alveolar ventilation is a 
ind often forgotten, component of acid-base 


























min es: 50 ml of 8.5 percent solution 
5 percent solution (44.6 mEq). 


.0 percent solution (297.5. 





: For the treatment of pulmonary edema, 40 
emide (or preferably 0.5 mg/kg as an initia a 
dose and up to 2.0 mg/kg if indicated) should be injected. 
slowly intravenously over a period of at least 1 to 2 i 
minutes. Similar dosages may be used for the treatment 
of cerebral edema. Variations, particularly in the hy- 
potensive response, may be significantly affected by the 
age and status of hydration of patients; dosage should 
be determined accordingly. 

How supplied: Furosemide is supplied in ampules 
of 2 and 10 ml. Each milliliter contains 10 mg of drug, 
resulting in a total furosemide dosage of 20 mg in the 2 
ml ampule, and 100 mg in the 10 ml ampule. 


Morphine* 


Dosage: Morphine should be given by titration of 
small intravenous doses at frequent intervals until the 
desired response is achieved. There is considerable 
variation from patient to patient in the amount of drug 
required to acquire a given effect. A dose of 2 to 5 mg 
given intravenously every 5 to 30 minutes should pro- 
vide a workable approach. For this purpose, 1 ml of 
morphine sulfate containing 15 mg morphine can be 
diluted to 5 ml, yielding a concentration of 3 mg/ml. 
Alternatively, the drug can be diluted to 1 mg/ml in 
order to make intravenous administration of small in- 
crements safer and easier. 


How supplied: 
Prefilled syringes: 10 ml: 2 mg/ml. 
Tubex syringes: 1 ml: 8, 10 and 15 mg/ml. 


Vials: 1 ml: 8 mg/ml 
10 ml: 15 mg/ml. 


Should Synchronized Cardioversion Be 
Utilized by Paramedics? 


Synchronized cardioversion has been used widely for E 
many years?? to convert ventricular and supraventric-. 
ular arrhythmias. A synchronizing circuit allows the 
delivery of a countershock to be “programmed” during 
a specific part of the QRS complex. Synchronized . 
countershocks have been shown to reduce energy re- . 
quirements and arrhythmias that follow cardiover- . 
sion. WE 
Emergency cardioversion is indicated for the treat- — 
ment of ventricular and supraventricular tachyar- - 
rhythmias in clinical settings (especially, profound se- __ 
vere hypotension) that necessitates termination of the - 
arrhythmia to prevent further clinical deterioration. 
There is a relative contraindication to emergency car- o 
dioversion when arrhythmias are potentially related to | 
digitalis toxicity. (For elective cardioversion see report ` 
of Task Force V). m EL 

Procedure: The procedure is the same as for defi- 
brillation (see report of Task Force V) except that: 








< * See report o ce lV 











intravenous yina 


ywsiness. 










i lead with a maximal R wave height. Inverted or 
plitude QRS complexes may nct trigger the 
nizing circuit or cause discharge during the T 


"he synchronizer circuit must be activated. 
t is recommended that the initial countershock 
rgency cardioversion in adults should be 200 
of delivered energy, recognizing that some 
thms will revert with a dose as small as 10 joules. 
(5. The discharge controls must be pressed and held 
- until the countershock is delivered. 
^ . 6. If the initial countershock is not successful, the 
-- operator should use greater energy levels recommended 
- for defibrillation on subsequent attempts. 
7, If ventricular fibrillation should occur during 
preparation or after emergency cardioversion, imme- 
.. diately (1) turn off the synchronizer circuit, (2) charge 
- the unit to 200 to 300 joules of delivered energy, and (3) 
- defibrillate. 


Should intracardiac Injections Be 
Performed by Paramedics? 


2 ‘intracardiac administration should very rarely if ever 

pled, and only when other routes of administra- 

- tion cannot be utilized or have proved unsuccessful. The 

—only drug that may be administered by this route is 

. epinephrine. The use of this technique by paramedics 
is not advised (see also report of Task Force V). 













Stabilization Versus Transport 


In the case of out of hospital cardiac arrest, it would 
be optimal to establish hemodynamic stability before 
transporting the patient to the hospital. In some cir- 
 cumstances the level of definitive care in the field is 
comparable with that available in the hospital. How- 
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of hospital: stabilization before tra 
is judgmental. The on-line med i 
evaluate the distance, the patient’s respo onse A 
therapeutic interventions and the 
ability of and the potential benefit o 
pertise and resources available in th 

In other types of cardiac emergencies, the d 
transport the patient is based on the relati i 
of the patient. Immediate measures including 
cardiographic monitoring, oxygen administration 
chest pain relief should be initiated in the field. Acut 
hemodynamic problems such as acute pulmonar 
edema, hypotension, bradycardia or tachycardia with. 
hypotension or persistent chest pain, or both, should k 
initially managed in the field but without compromis 
of reasonably prompt transport to the hospital. 


Where to Take the Patient 


Under normal circumstances, the patient shi ild 
taken to the hospital of his choice (generally where tl 
patient's physician practices) as long as that hospi a 
has the professional and technical resources for man 
agement of the problems that have been identified. Tw 
exceptions exist: 

1. Because of logistic constraints, and especially whe 
no other ambulances are available to serve an immediate 
need for service or when the risks inherent in prolonged 
transport may compromise the welfare of the patien 
the patient may be transported to a less distant hospite 
that has adequate facilities. 

2. When the hospital does not have adequate facili 
ties to handle the problem, the patient shall be tak 
to a geographically appropriate facility that has th 
required resources of personnel and technical sap 
port. 
























































diopulmonary resuscitation (CPR) and emergency cardi 
(ECC). JAMA 1980;244:453-509. 
9. American Medical Association. Developing Emergency Me 
Services: Guidelines for Community Council (pub ication t OP-386 
Chicago: American Medical Association. . : | 
10. Boyd DR, Micik SH, Lambrew CT, Romano TL. Medical 
and accountability of emergency medical services. (EMS 
Vehicular Tech 1979; VT-28, #4. 
11. National Academy of Sciences National Research Coun 
at midpassage, 1978. ] 
12. National Research Council. Medical Control in Emergency i 
Services Systems, 1981. 
13. National Academy of Sciences, Committee on Emerge 
Services Medical Services and Subcommittee 

Services. Advanced Training . Program-—Eme 
Technician. Guidelines and Recommendati 
of Transportation. Washington. DG: ‘Govern 
1973. | 

14. US Department of Trans por 
 cian-P: National Training Cou 
S * 050 i SQQ? T0 Westin: 


















































publ ation. (HSM) 73-2003), Wash- 

Printing Office, 1972. 

SB, Fisch C. Continuous prehospitalization 

rhythm. Am Heart J 197 1;82:642-6. 

wnan JC, Nussenfeid SR, Rankin D, Lundblad E. 

cal. command in coronary and other mobile 

re systems. JAMA 1970;214:332-8.. 

rschman JC, Mayer PW, Dennis F. Telemetry of 

logic data: an aid to fire-rescue personnel in a metropolitan 
t une Ah pa 61: 598-601. 



























Lemtren C cT, Schuchman WL, Cannon TH. Emergency medical 
n ‘transport systems: use of ECG telemetry. Chest 1973;63:477- 
2082. 

22. “Mcintyre KM, Lewis NJ, eds. Textbook of Advanced Cardiac Life 
- = Support. Dallas: American Heart Association, 1981. 

23. Collinsworth KA, Kalman SM, Harrison DC. The clinical phar- 
*. macology of lidocaine as an anti-arrhythmic drug. Circulation 
1974;50:1217-30. 

24. Wyman MG, Lalka D, Hammersmith L, et al. Multiple bolus 
-technique for lidocaine administration during the first hours of an 
acute myocardial infarction. Am J Cardiol 1978;41:313-7. 
Harrison DC. Should lidocaine be administered routinely to all 
patients after acute TUAM infarction? Circulation 1978;58: 
:581-4.. 

Lie KI, Wellens HJ, van Capelle FJ. Lidocaine in the prevention 
of primary ' ventricular fibrillation. A double-blind randomized study 
of 212 consecutive patients. N Engl J Med 1974;291:1324—6. 
Koch-Weser J. Drug therapy: bretylium. N Engl J Med 1979; 





AMES C. DILLON, MD, FACC, (CHAIRMAN), 
. MARK VASU, MD, FACC, (CO-CHAIRMAN), 








cal Services | 





and its treatment with atropine. Anesthesiology 1976;44: 501- 
18. | 

30. O'Rourke GW, Greene NM. Autonomic blockade and the resting 
heart rate in man. Am Heart J 1970;80:469—74, 

31. Dal Santo G. Absorption capacity of the airway and lungs. In: Dal 
G, ed. Nonrespiratory Functions of the Lung and Anesthesia, Vol 
15. Boston: Little Brown, 1977. 

32. Roberts JR, Greenberg MI, Knaub MA, et al. Blood levels following 
intravenous and endotracheal epinephrine administration. JACEP 
1979:8:53-6. 

33. Steen PA, Tinker JH, Pluth HR, et al. Efficacy of dopamine, 
dobutamine, and epinephrine during emergence from cardiopul- 
monary bypass in man. Circulation 1978;57:378-84. 

34. Medical Staff Bulletin. Birmingham, AL: Baptist Medical penter 
1980;13:3. 

35. Lappas DG, Drop LJ, Buckley MJ, et ai. Hemodynamic response : 
to calcium chloride during coronary artery surgery. Surg Forum 
1975;234-5. 

36. Denlinger JK, Kaplan JA, Lecky JH, et al. Cardiovascular re- 
sponses to calcium administered intravenously to man during 
halothane anesthesia. Anesthesiology 1975;42:390- 7. 

37. White RD, Goldsmith RS, Rodriquez R, et al. Plasma ionic caicium 
levels following injection of chloride, gluconate and gluceptate salts 
of calcium. J Thorac Cardiovasc Surg 1976;7 1:609 13. 

38. Adler S, Roy A, Relman AS. intracellular acid-base regulation, Il. 
The interaction between CO» tension and extracellular bicarbonate 
in the determination of muscle cell pH. J Clin Invest 1965;44: 
21-30. 

39. Bishop RL, Weisfeidt ML. Sodium bicarbonate administration during 
cardiac arrest. JAMA 1976;235:506--9. 

40. Kerber RE, Samat W. Factors influencing the success of ven- 

tricular defibrillation in man. Circulation 1979:60:226—30. 


ask Force Ill: Diagnostic Procedures 


DANIEL S. BERMAN, MD, FACC, ANTHONY N. DeMARIA, MD, FACC, 


EY GOLDSTEIN, MD, FACC, WILLIAM J. MANDEL, MD, FACC. 

















MES. V. WARREN, MD, FACC 





Introduction 


yen major diagnostic procedures are considered. 

include: electrocardiography, i invasive hemody- 
monitoring, noninvasive methods of examining 
ascular anatomy and function, clinical labora- 
ting, cardiac catheterization, specialized pro- 
or assessing function and studies of the pul- 
lation. During the prehospital phase of 
agement, only the electrocardiogram is 
, essential diagnostic procedure. The re- 
ostic procedures are primarily applicable 
ng admission of the patient to the hos- 








z -continuousl 


several electrocardiographic ' ‘problems” are identified. 
Three categories of cardiovascular crises are encoun- 
tered in the field. These include sudden cardiac death 
whether witnessed or unwitnessed, severe chest. pain. 
and cardiac arrhythmias. These clinical conditions may: 
require somewhat different methods of electrocardio- 
graphic diagnosis and monitoring. However, in each 
instance continuous monitoring would be advised and. 
would serve the dual needs of detection and diagnosis. 
of rhythm abnormalities and of evaluation of the effects. 
of therapeutic intervention. M 
In the instance of sudden cardiac death, a "quick: 
look" system for apid identification of the rhythm. is 
recommended. Subseg j : | be 

























Ji the instance of cheat pain, a sings T. E 


vasospasm, make it advantageous to record a standard 
A2 lead electrocardiogram during the episode of chest 
ain in the field. However, a normal electrocardiogram 
T not exclude either vasospastic or obstructive cor- 
y artery disease. 
r out of hospital diagnosis of cardiac arrhythmias, 
gle lead system usually suffices for determining 
diac rhythm. However, several additional consider- 
ons should be addressed. The first of these relates to 
d -the use of electronic filters. When rhythm is recorded 
|». in the “monitoring” mode with conventional electro- 
cardiographic monitoring systems, competent evalua- 
tion of the arrhythmia may be precluded by filtering out 
important components of the electrocardiographic 
signal. In addition, P waves may not be readily identi- 
fied in some leads. Finally, the quality of the signal, and 
therefore interpretation, may be impaired by noise. For 
these reasons, it would be optimal to use initially a three 
lead system with orthogonal characteristics such as a 
. combination of leads I, aVF and Vo. This system would 
... be likely to improve P wave identification and lessen the 
incidence of artifact. For ongoing telemetry, the clini- 
cian may select the most appropriate single lead from 
__ among these three leads. The advantages of a single lead 
|. System for electrocardiographic monitoring, especially 
.. the ease and speed with which it is used, may be out- 
.. weighed by the poor identification of P wave activity 
... andartifactual signals. However, a three lead system has 
the disadvantages of additional time commitment, more 
. complex system design, greater likelihood of errors in 
lead placement and increased cost of the system. 
After initial stabilization of the patient’s condition, 
. itis recommended that if there is any evidence of 
- acutely life-threatening cardiovascular crises the patient 
* be continuously monitored for immediate detection of 
= rhythm disturbances that may occur after the initial 
-' evaluation.!-? 
|. Role of telemetry: The current controversy con- 
.. cerning the routine use of electrocardiographic telem- 
. etry has been addressed by this Conference. The cost 
-. Of telemetry systems is substantial, especially in rural 
|... areas where the establishment of a communications link 
= for both diagnostic and therapeutic guidance has 
|. disproportionally greater benefit. Telephone telemetry 
remains a viable option. Because there is no uniformity 
among jurisdictions with regard to laws regulating the 
practices of paramedic units, electrocardiographic te- 
lemetry may be legally required. In jurisdictions in 
Which remote diagnosis by telemetry is required before 
intervention, it is medically inadvisable to delay elec- 
trical defibrillation contingent on telemetry. 
. The use of telemetry is further restrained by the 
relative distances over which the signal is to be trans- 
mitted. In urban communities with short distance 
transmission, this is typically accomplished with ease. 
'al areas, the longer distances may compromise 
bi 



















































base station is an essential an 
isite. However, telemetry : 


suffices for rhythm. monitoring. However, un usual 


mechanisms of chest pain, and especially coronary aaan may be : preview 


mission. The immediate availab ility of an expert. 












medical control officer or the clir 
these purposes. ~ 
For these reasons telemetry is o 
resource when the signals can be sa 
mitted. It is therefore a local decisio 
vantages of telemetry, and especially param 
veillance, capability for consultation ‘dnd gu : 
diagnosis and management and legal complian 
weigh the disadvantages of cost, limited availabil 
experts and time delays.9? 
In every patient with a cardiac crisis PE arrives in 
the hospital, a 12 lead electrocardiogram should be ob- 
tained before or immediately after admission to the 
coronary care unit (CCU) or intensive care. unit 
(ICU). | 


























Invasive Hemodynamic Monitoring 


Indications: The invasive monitoring precedures 
used include right heart catheterization and intraari e- 
rial pressure monitoring. No role is currently recognized 
for invasive hemodynamic monitoring in the prehospital 
phase of management. However, the capability for such 
monitoring should be assured during initial hospital 
management. When these procedures are utilized, 
conventional therapy for stabilization and. initial 
management must not be comprised. N evertheless, the 
hemodynamic data are of established value for more 
precise diagnosis and quantitation of congestive heart 
failure, ventricular septal defect, acute mitral regurgi- 
tation, cardiac tamponade and cardiac performance. 
Hemodynamic monitoring is often of great and con- 
tinuing medical value for measuring the response to 
pharmacologic interventions and for predicting prog- 
nosis!9-1? (see report of Task Force IV). : 

Right heart catheterization: Right heart cathe- 
terization is performed with a flow-directed catheter 
inserted in the basilic, femoral, internal jugular or 
subclavian vein, capable of measuring right atrial, right 
ventricular, pulmonary arterial and pulmonary capillary 
wedge pressures with wave form display and, optimally, 
for graphic recording to facilitate analysis. 13-16 Suc ài 
catheter also permits measurement of cardiac output 
by the thermodilution technique!9 and permits sa 
pling of blood for measurement of oxygen con 
tension or saturation with which shunts and lo 
state may be detected. | 

The indications for right heart catheterizati 
acute myocardial infarction include cardiogen 
suspicion of a major mechanical defect due 
perforation and acute valve insufficiency due 
of papillary muscle, or pericardial tampo 
Relative indications for right heart cath 
such patients include hypotension u 
simple maneuvers, persistent postinfe 
chest pain, moderate: 
unexplained tachyc 


































































































s may "E. ena for II dod 
rventions. These include blood gas 
the setting of hypotension, respira- 
ma or cardiac arrest; determination of 
ee and osmolality in the setting of car- 
ias or mental obtundation; determination 
bin, prothrombin time and partial throm- 
ime in the setting of thrombosis, embolism, 
)otension, prior anticoagulation, bleeding and drug 
| erapy;. and determination of arterial blood lactate and 
colloid osmotic pressure, when available, for patients 
with hypotension. 
_ To facilitate diagnosis and management during the 
period after emergency interventions, measurements 
10uld be made of serum enzyme levels and plasma 
oncentrations of digitalis and antiarrhythmic agents. 
lowever, the practice of measuring serum enzyme 
concentrations for purposes of decision making when 
he patient. presents to the emergency department is 
trongly advised against because such measurements 
ave no diagnostic or therapeutic implications during 
he first 6 hours after the onset of symptoms of acute 
'ayocardial infarction. 





Cardiac Catheterization 


Cardiac catheterization for hemodynamic and angi- 
ographic diagnosis is currently a resource of very limited 
usefulness during the first 6 hours after an acute cardiac 
event. However, when bedside assessment indicates that 
the patient is approaching a stage of rapid deterioration 
and irreversible incapacitation or death is anticipated, 
the options of surgical intervention are properly con- 
__ sidered. Such options are evaluated in the context of the 
.. natural history of the primary disorder and the extent 
to which the information gained during cardiac cathe- 
terization would be of potential benefit in the decision 
making and implementation of high risk interven- 





| Aortic dissection: For patients with possible aortic 
issection, . a plain chest X-ray film may provide only 
ubtle signs; however, an entirely normal upright chest 
ray film is strong evidence against proximal thoracic 
rtic dissection. If the X-ray film study together with 
ical features is consistent with aortic dissection, 
tography is indicated as an emergency angiographic 
dure. The angiographic demonstration of a false 
„Separated from the true lumen by an intimal tear 
s diagnostic. The wider availability of computed 
aphic studies (CT scans) of the aorta?6.26? and 
ques of digital subtraction angiography may 
ndence or invasive > angiography for ana- 





ary Y arterial i involvement, 
ery; it also demon- 
valve and the pat- 





ialfunction: For ‘th n 
ea of a prosthetic heart valve or for the more 
general diagnosis of acute valve insufficiency, hemo- 
dynamic and angiographic studies are appropriately 
performed in the catheterization laboratory less than 
6 hours after admission to the hospital. Hemodynamic 
studies?64-265 in patients with acute and severe aortic 
regurgitation demonstrate premature closure of the 
mitral valve with left ventricular diastolic pressure 
typically exceeding left atrial pressure during dias- 
tole. 

Papillary muscle rupture: Although papillary 
muscle dysfunction is quite frequently observed in 
conjunction with the coronary ischemic syndrome,?56 
it is rarely accompanied by life-threatening mitral in- 
sufficiency. Accordingly, clinical signs of mitral insuf- 
ficiency do not usually require that cardiac catheter- 
ization be performed within the first 6 hours of the 
cardiac event. However, acute rupture of the papillary 
muscle or a flail valve leaflet may be a catastrophic event 
and immediate survival is contingent on invasive diag- 
nosis and surgical intervention. This may also apply to 
some patients with acutely acquired ventricular septal 
defect after myocardial infarction. 

Emergency coronary reperfusion and angio- 
plasty: The cardiac catheterization laboratory is cur- 
rently utilized by clinical investigators who are exam- 
ining the options of more unique therapeutic inter- 
ventions in the 1st hours after acute myocardial in- 
farction. Coronary reperfusion can be accomplished by 
intracoronary streptokinase infusion?97 and by percu- 
taneous transluminal coronary angioplasty.?9? However, 
the efficacy and risks of these techniques must still be 
more comprehensively investigated before they become 
acceptable interventions in clinical practice. 


Pulmonary Circulation (Pulmonary Embolism) 


The diagnosis of pulmonary embolism is established 
by a combination of symptoms, clinical findings and 
laboratory data including chest X-ray film, arterial 
blood gases, ventilation-perfusion lung scanning and, 
in a minority of patients, pulmonary angiography. In 
many instances, the results of ventilation-perfusion 
scanning will obviate the need for pulmonary angiog- 
raphy. The presence of characteristic perfusion defects 
in the absence of ventilation abnormalities establishes 
the diagnosis, and a normal study in the absence of 
hypoxemia for practical purposes excludes the diag- 
nosis. For patients in whom ventilation perfusion scans 
are equivocal and especially when there is a mismatch 
of ventilation-perfusion abnormalities with corre- 
sponding abnormalities on chest X-ray film, pulmonary: 
angiography serves as the definitive study. This applies. 
especially to patients for whom anticoagulant therapy 
is judged to have significant risk. Pulmonary angio 
raphy may also bean appropriate diagnostic test wit 
out antecedent. ventilation-perfusion scanning 
tients with acute circulatory failure (shock). - ame 
owing points deserve emphose. 6 a near 



































provided that an adequate number of images is ob- 
ained. However, with neither technique is it possible 
o distinguish between an old and an acute myocardial 
infarction. Accordingly, because the admission of a 
patient with an acute coronary syndrome to the hospital 
ippropriately based on clinical criteria and not nec- 
ssarily on the diagnosis of an established myocardial 
Yfarction, these techniques are not of major importance 
or prehospital or initial hospital diagnosis. 
-Early hospital period: Radionuclide techniques 
improve the identification of high risk subsets in the 











~ early period after acute myocardial infarction. The size 
... 0f a defect when quantitated with thallium-201 imaging 
at rest is highly correlated with mortality.5>-57 However, 
the high cost thallium-201 and the limitations of im- 


—. mediate availability constrain its routine use. 


Radionuclide ventriculography with measurements 
of ejection fraction is also of prognostic value. 4658-64 
Although present data suggest that identification of 
high risk patients is somewhat better with thallium- 


« 201,56 the technetium-99m used for radionuclide ven- 
*.triculography is inexpensive and generally available in 
- hospitals with nuclear medicine facilities. Either resting 
.  thallium-201 scintigraphy or radionuclide ventricu- 
... lography may therefore be appropriate for identification 
of a clinically silent, high risk subset of patients after 
-~ acute myocardial infarction in the early period after 
- — hospital admission. In contrast to X-ray procedures, 


these radionuclide procedures performed with mobile 
equipment are as accurate as those performed with 
stationary equipment. 

Identification of complications: Radionuclide 
ventriculography may also be helpful for identification 
and quantitation of complications of acute myocardial 
infarction. If a first pass study is performed in con- 
junction with the equilibrium study, a left to right shunt 
may be identified?9-49 and quantitated and this applies 
especially to acute ventricular septal defect. The equi- 

librium radionuclide ventriculogram demonstrates 
~ ventricular aneurysm59-86 or pseudoaneurysm, ®7-©9 large 


-> pericardial effusions, large left ventricular thrombi and 


-.. idiopathic hypertrophic subaortic stenosis’; however, 
-> echocardiography may be a more appropriate alterna- 

tive for diagnosis of these complications. 

; Right ventricular infarction: Right ventricular 
. ejection fraction and right ventricular size, quantitated 

-.. by radionuclide ventriculography, serve to diagnose 


S -right ventricular infarction. Approximately 40 percent 
<< of patients with acute inferior myocardial infarction 


_ have right ventricular infarction with predominant right 

.. ventricular dysfunction.7!-74 The distinction between 

. right and left ventricular infarction has practical ther- 
apeutic implications. 








Echocardiography 

Indications: A technically satisfactory echocardio- 
| may be a very useful tool but may not be obtain- 
all patients because of technical limitations in 


mic reflectance. Mitral stenosis,75-82 mitral 


ation, 7-77 flail mitral valve leaflet,58-98 aortic — support services quite appro} 





ionuclide ventriculography, ^^ stem 













identified and, in part, quantitate | 
has proved useful for the diagnosi. 
diomyopathy.1?0-135 Prosthetic hear 
examined for clots, vegetations and v; 
and especially so when a baseline 
available for comparison.!96-146 Ec] 
now accepted as the preferred diagne 
diagnosis of pericardial effusion.14/-15! Tt į 
detection of pericardial thickening!52-155 and 
constriction. !>?156-160 Echocardiographic diag: 
cardiac tamponade!®!-168 is contingent on con 
of physical signs or hemodynamic measurement: 
both. After chest trauma, pericardial effusio 
motion abnormalities, acute aortic insufficien 
aneurysms of the proximal aorta may be ide 
However, the echocardiogram is currently a less sp 
and sensitive diagnostic tool than computer tome 
(CT)-scanning or angiography for aortic dissecti 

M mode echocardiography: A technically 
























































echocardiogram is an excellent diagnostic tool for 
agnosis of left ventricular ischemia at rest. M mode 
echocardiography provides a sensitive resource for 
amination of ventricular wall motion!®’-!81 and wa d 
thickness.!82-19 Hemodynamic information may be 
obtained from the recording of mitral and aortic valve 
movements. Abnormal closure of the mitral valve may 
be a sign of left ventricular dysfunction?99-203 and mo 
tion and amplitude of the opening of both mitral an 
aortic valves may reflect the anatomy of and flo 
through these valves.204-2) o We 
Two dimensional echocardiography: Two d 
mensional echocardiography has greatly expanded ca- 
pability for examining virtually every segment of the left. 
ventricular cavity.??-?9 Although the echocardio- 
graphic sampling rate is not as rapid as it is with M 
mode echocardiography, the two dimensional technique 
permits better quantitation of the left ventricular 
muscle function. In the setting of acute myocardial in 
farction, abnormalities of wall motion?14221-226 and 
thickening!95-1?! serve to quantitate functional infar 
size.?27-230 STU 
Complications after acute myocardial Infareti 
including mural thrombi,?3!-234 ventricular aneury: 
or pseudoaneurysm,”*>-238 pericardial involvem« 
papillary muscle dysfunction,?40 rupture of 
tricular septum?41-248 and right ventricular infar 
are detected by two dimensional echocardiograph 
or more such defects may indicate the mecha: 
congestive heart failure and cardiogenic sho 
As a primary method of noninvasive study, 
sonic technique is now viewed as the best sit 
nique for detecting these complications. . 











































prehospital care Howeve 
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tandad herey i in the emergency Heer dd and 
ansported to the coronary care or intensive care unit 
for more comprehensive investigation and therapy as 
expeditiously as possible. 
- The risks and complications of right heart cathe- 
terization include sepsis, vein perforation, cardiac 
erforation, heart block, bundle branch block, ar- 
rhythmias, catheter knotting, pulmonary infarction or 
embolism and thrombophlebitis. However, the inci- 
dence of complications when these procedures are 
performed by qualified specialists is acceptably 
small.1921-26 
. Intraarterial monitoring: Intraarterial monitoring 
follows placement of a plastic cannula (catheter) into 
ie brachial or femoral artery for measurement of sys- 
tolic, diastolic and mean arterial pressures. The arterial 
cannuia also provides a source of blood for measurement 
of blood gases. This procedure is indicated for man- 
a gement of patients with hypotension or cardiogenic 
1ock, or both, to guide vasodilator or vasopressor 
lerapy, and for continuous blood pressure monitoring 
he patient in hemodynamically unstable condition 
nd especially before a major medical or surgical in- 
vention. Complications inelude arterial thrombosis 
smbolization, nerve injury or sepsis.?6 
se invasive procedures should be performed by 
logists or other physicians trained in vascular 
heterization and in the clinical interpretation of 








" Noninvasive Cardiovascular 
E ; Andiomy and Function 


i ac We heart failure or unstable "as La 
me impr infarction and 





chest radiograph th may tack the definitive information 
that may now be provided by more recently developed 
ncninvasive examinations. 


Radionuclide Procedures 


A variety of radionuclide techniques are available for 
the diagnosis, prognosis and assessment of complica- 
tions in patients who have sustained acute myocardial 
infarction. These include resting thallium-201 myo- 
cardial scintigraphy and first pass or equilibrium ra- 
dionuclide ventriculography performed with labeled red 
blood cells. Technetium-99m pyrophosphate imaging 
does not become positive for an interval of 6 hours after 
the onset of symptoms in patients with acute myocar- 
dial infarction.?" Accordingly, pyrophosphate imaging 
is not useful for the early diagnosis of acute myocardial 
infarction and is therefore beyond the scope of this 
doeument. 

Thallium-201 scintigraphy: Resting thallium-201 
scintigraphy is performed with a scintillation camera, 
usually in conjunction with a dedicated minicomputer. 
After its intravenous injection, thallium-201 is dis- 
tributed to the heart muscle largely in proportion to 
regional myocardial blood flow.?9?? Areas of acute in- 
faretion, old infarction and ischemia appear as regions 
with decreased uptake of thallium-201. Appropriate 
views are obtained so that each segment of the myo- 
cardium can be observed. Redistribution imaging, 
performed 2 to 4 hours after injection, makes it possible . 
to distinguish regions with infarction from those with 
ischemia.2°-34 Computer techniques provide for quan- 
titation of the defect size.?5-?' 

Radionuclide ventriculography: This procedure 
is also performed with a scintillation camera-computer 
system. The first pass technique, like angiography, 
traces the passage of a bolus infusion of radioactivity 
through the central circulation. The presence of a left 
to right intracardiac shunt?9-4" may be demonstrated 
and quantitated together with left*1-4? and rightt-46 
ventricular ejection fractions. The more commonly 
employed radionuclide ventriculoerenhic technique, 
especially in the coronary care unit, is equilibrium ra- 
dionuclide ventriculography, in which the image is ob- 
tained after equilibration of intravenously injected 
technetium-99m red blood cells. Images of each phase 
of the cardiac cycle are obtained in multiple views (an-.- 
tericr 45? and left anterior oblique 70*) for assessment. 
of the left and right ventricular sizes, ^! ejection 
fractions and wall motion. Both resting thallium-201. 
scintigraphy and radionuclide ventriculography can be. 
completed within approximately 30 minutes afte 
jection of the radionuclide. m 

Prehospital or initial hospital period: Tt 
perfermance of. thallium-201 scintigraphy m 
n established acute my 











j (Pao; 2) A not of itself | n E 
yulmonary embolism?69; (2) ~ 
ui ld always be recorded at the 
ie of o arterial catheterization or angiog- 


aphy, or both, for these are typically increased after 
embolic obstruction of the proximal pulmonary 
s; and (3) anticoagulant therapy with heparin 





should e initiated prompti 


with clinical signs strongly sug 


nary embolization, especially i 


in obtaining a ventilation-perfusio: 
angiography, or both. Anticoagulz 
discontinued if subsequent studies 1 
diagnosis.?70 : 
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p Introduction Hypotensive and bradycardic responses are almos 
A This Task Force has developed plans of therapy based ways reversed by atropine. In the presence of hyp 
-On best current knowledge and taking into consideration tension or bradycardia, nitroglycerin should be avoided 
„the rapid changes in availability of new drugs and new When tachycardia (heart rate greater than 120 beats, 
. experiences with old drugs. With the participation of min) coexists with hypotension, nitroglycerin should be . 
- . some of the outstanding clinical investigators in this avoided until the cause of tachycardia is established. 
field, we have reinterpreted the published literature Nitroglycerin in such circumstances may cause furthe 
-~ together with investigations still in progress for our hypotension and tachycardia. If the pain persists, the 
| decision processes. dose should be repeated or increased every 5 minut 
__. The clinical subsets in the sections on dyspnea and to relieve pain or until the appearance of tachycardie 
oe pump failure have hemodynamic as well as clinical or hypotension. In the prehospital phase it should be 
— definitions. It is intended that the numbers be used as repeated only once. pue 
_ guidelines, not as absolutes. Thus, in the pump failure Oxygen: If the patient is suspected of having acute 
section, Subset 1 is defined with an arterial systolic ischemic pain, oxygen should be administered byn 
pressure above 100 mm Hg, and Subset 2 is defined with cannula at a flow of 6 liters/min or by mask at a flow o 
.. the pressure below 90 mm Hg. Clinical judgment should 10 liters/min, even if there is evidence of chronic pul- 
. prevail in making the decision as to whether a patient monary disease. D 
. with a systolic pressure between 90 and 100 mm Hg Intravenous infusion: An intravenous infusion ol 
should have therapy initiated according to the plan for 5 percent dextrose in water or one half normal physic j- 
-Subset 1 or that for Subset 2. The hemodynamic mea- logic saline solution, or both, should be maintained a 
“surements are essential, but the numerical data must a "keep open rate" to provide access to the vascul 
. cbe interpreted. system. If there is excessive fluid loss, volume shoul 
Perhaps the greatest controversy concerned the replaced by intravenous infusion until the. oral inta, 
| routine prophylactic use of lidocaine. The Task Force of fluid is adequate. us 
... was convinced of the usefulness of this therapy after a Narcotics and analgesics: The pain of myoeai 
|». thorough presentation of the contrary view. In fact, the infarction should be relieved promptly by the 
| Task Force member who prepared the contrary view nous administration of opium alkaloid. Morphin 
. became convinced of the usefulness of prophylactic fate is the preferred drug. It is administered in : 
docaine on the basis of the objective data presented. dose of 2 to 4 mg intravenously. An in-dwellir lg 











| catheter, “kept open” with an infusion of. 
f Acute Continuing Ischemic Cardiac Pain glucose in one half physiologic saline solution 
Nitroglycerin: Sublingual nitroglycerin (0.4 mg) a route for immediate treatment of arrhytl 
ld be given provided the patient is not hypoten- potension and recurrent pain. | 7 
ve.! A systolic blood pressure of less than 100 mm Hg It is essential that pain lasting longer tha 
nould be regarded as hypotension. It needs to be em- utes be relieved promptly with a narcotic: 
hasized that some patients may have a paradoxical muscular injection of morphine is to be avo 
esponse to nitroglycerin. The usual response is tachy- cause a rise in total creatine kinase which x 
cardia associated with a modest decrease in blood cate the diagnosis of acute myocardi 
_pressure but some patients may have bradycardia (sinus is always a risk of respiratory der 
ardia or junctional escape rhythm) and marked i 
tension in response to nitroglycerin. If such a 
xical response is observed, atropine sulfate 
he administered aaen i © 5 to 9. 98 =e 
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is of 1 itself a quies Hearing of acute 
ction. Hypoxia predisposes to serious 
opic rhythm. Because morphine is 
and may therefore induce bradycardia and 
entrict lar (A-V) block, atropine should be held 
liness as an antidote. 
Meperidine hydrochloride (Demerol®) has atro- 
ike actions and is preferred by some physicians 
as a narcotic in patients with inferior myocardial in- 
arction and especially if there is bradycardia or A-V 
onduction delay. Other possible advantages include a 
esser likelihood of nausea, vomiting and respiratory 
depression. However, in our experience these pharma- 
cologic advantages are more theoretical than real, and 
re outweighed by the better analgesia obtained with 
morphine. Pentazocine has no advantages over mor- 
phine; it may increase vascular resistance and it is 
therefore not advised. All opiates may increase the in- 
cidence of hypotension and shock by their effect on 
venous pooling. They therefore increase the hypotensive 
effects of afterload-reducing agents. 
- Preliminary data based on substantial clinical ex- 
perience in England? suggests the potential value of 
self-administered analgesia with nitrous oxide, Ad- 
verse effects, which include lightheadedness, drowsi- 
ess, nausea and vomiting, are uncommon providing the 
concentration of inspired oxygen is maintained at ad- 
equate levels approaching 50 percent. This mode of 
analgesia may be of special value during the prehospital 
phase of management. Current data support its wider 
use as an efficacious analgesic that is safe and rapidly 
acting without masking important clinical features. It 
should not be used in patients with severe chronic ob- 
structive pulmonary disease who may have adverse re- 
ictions to the high oxygen concentration of inspired 
ygen. 
. Atropine: When a decline in cardiac output and ar- 
rial pressure associated with severe sinus bradycardia 
occurs in the setting of the prehospital phase of acute 
myocardial infarction, the cautious administration of 
atropine may be lifesaving. Atropine increases sinus rate 
by virtue of its anticholinergic action; increases in vagal 
tone frequently follow acute infarction or the adminis- 
ration of analgesic doses of morphine, or both. Because 
ypine also increases conduction velocity through the 
‘node, it is the drug of first choice for treatment of 
id and third degree A-V block after inferior in- 
n. Typically, heart block associated with inferior 
ion is a benign and transient complication. 
when it is. associated with congestive heart 
otension, bradycardia with a ventricular rate 
.40. be: ts/min or malignant ventricular 
ropine is likely to improve A-V 
ne need for immediate inser- 
ic pacemaker. In the ab- 
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and vvolatieed A-V conduction’ are believed o be due ~ 
to central reflex stimulation of the vagus? The peak T 
action of atropine is observed within 3 minutes, and - 
doses may be repeated at intervals of 5 to 10 minutes. 
Repeated dosing may produce adverse central nervous 
system effects, including hallucinations and fever.5 
Atropine-induced tachycardia may increase myocardial | 
oxygen coneyaa Dios and thereby infarct size and 
mortality.® 





Treatment of Persistent or Recurring Ischemic 
Pain in the Hospital Setting 


Subset 1: No Evidence of Pump Failure by Physical 
Examination, History or Chest X-Ray Film 


Beta adrenergic blocking agents: Current 
knowledge justifies the use of beta adrenoceptor 
blocking agents for treatment of acute myocardial in- 
farction when pain persists or recurs despite bed rest, 
oxygen, nitroglycerin, narcotic analgesics and, when 
indicated, atropine.” The appropriate patient is one 
with normal or elevated arterial blood pressure and 
heart rate and no clinical or roentgenographic evidence 
of heart failure. Heart rate and blood pressure must be 
monitored. If there is any evidence of pump failure or 
in the setting of heart block or bradycardia, these agents 
should not be used without monitoring of pulmonary 
capillary wedge pressure and insertion of a temporary 
transvenous pacemaker. 

Propranolol is the only agent of this class available. 
jor this purpose at this time. The initial dose is 0.5 mg 
intravenously followed in 5 minutes, if necessary and 
tolerated, by 1.0 mg given every 5 to 10 minutes to a 
total dose of 0.1 mg/kg body weight. At this time, the 
patient is given 20 mg orally, then 40 mg every 4 hours 
with dosage adjusted as needed. It is essential to initiate 
therapy with intravenous administration so that a blood 
level can be established and because propranolol is 
subject to substantial first pass metabolism in the liver- 
when given orally. The drug should be discontinued | 
and not used if the ventricular rate is reduced to less. 
than 50 beats/min, systolic blood pressure is less than — 
100 mm Hg, pulmonary wedge pressure exceeds 18 to 
22 mm Hg, second or third degree A-V block occurs or 
P-R interval prolongation exceeds 0.24 second. Clinical 
cr roentgenographic signs of heart failure are con- 
traindications.9!? Bronchospastic lung disease is, of | 
course, an additional contraindication. D 

An excessive reaction to propranolol, as evidenced ? 
by the development of one or more of the aforemen- 
tioned criteria, makes it imperative that beta bl 
therapy be immediately discontinued. and. all 
portive measures identified. 1f necessary, the c 

: dc batamine may. be used 1 for severe brady 



















drug is glucagon, particularly in patients who have a 
critical reduction in cardiac output.!! This polypeptide 
exerts marked inotropic and chronotropic effects by 
other than beta adrenoceptor-mediated mechanisms. 
An initial dose of 5 mg/kg is infused over 1 minute, fol- 
lowed by an intravenous infusion of 1 to 5 mg/hour.!? 
À temporary transvenous pacemaker should be inserted 
if heart block or severe bradycardia is not readily con- 
trolled by pharmacologic means. Isoproterenol should 
rarely be used to counter excessive beta blockade in this 
setting because of the propensity for inducing serious 
cardiac arrhythmias. 

In addition to pain relief, treatment with beta ad- 
renergic receptor blocking agents early in the course 
of acute myocardial infarction may preserve heart 
tissue, thereby improving the long-term clinical 
course.!?4 Acute myocardial infarction appears to be 
a dynamic process with the survival of ischemic areas 
dependent on the balance between blood supply and 
oxygen demand. Experimental studies suggest that if 
ischemia is relieved within 15 minutes or less, the af- 
fected myocardium will recover completely. In contrast, 
if ischemia is prolonged for more than 10 hours, damage 
is irreversible.!? The effects of beta adrenoceptor 
blocking agents on normal and ischemic heart muscle 
by which they reduce myocardial oxygen requirements 
would favor survival of ischemic heart muscle, and this 
notion is currently being tested in large scale clinical 
trials. If this benefit is documented, early initiation of 
treatment will be essential. 


Subset 2: Normotensive With Evidence of Left 
Ventricular Failure 


Nitroglycerin: This agent may be used for relief of 
ischemic pain, especially in the presence of a third sound 
gallop and the presence of chest X-ray changes indica- 
tive of increased elevated left ventricular end-diastolic 
pressure and pulmonary venous hypertension. However, 
hemodynamic monitoring is preferable for more precise 
quantitation of left ventricular function by the mea- 
surement of pulmonary capillary wedge pressure and 
cardiac output. When pulmonary capillary wedge 
pressure exceeds 15 mm Hg but the cardiac output is 
adequate with a cardiac index of 2.5 liters/min per m?, 
nitroglycerin is particularly suitable for the treatment 
of continuing angina.15-17 

Treatment may be initiated with sublingual nitro- 
glycerin (0.4 mg). However, intravenous nitroglycerin 
provides better control of recurrent episodes of severe 
angina. The initial dose should be 10 ug/min, and the 
dose should be doubled every 10 minutes until pulmo- 
nary capillary wedge pressure is reduced to the normal 
range of less than 12 mm Hg without decreasing cardiac 
output significantly. More than 200 ug/min is rarely 
needed for effective control of angina. With the newly 
available preparations of nitroglycerin, dosage may be 
less because the infusion tubing supplied with the 
preparation does not absorb nitroglycerin. 

Isosorbide dinitrate: If angina is less frequent and 
less severe, isosorbide dinitrate may be administered 
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instead of intravenous nitroglycerin. The initial dose of — 
2.5 mg should be administered sublingually. This en- 
sures adequate absorption. Doses may be repeated at - 
intervals of 30 minutes and increased by 2.5 mg to a 
maximal dose of 10 mg. Adverse effects include severe 
headache, hypotension and bradycardia and these are 
controlled by a reduction in dose. The average duration 
of action of sublingual isosorbide dinitrate is 120 min- 
utes or less; however, the hemodynamic effects of oral - 
isosorbide dinitrate persist for a substantially longer 
interval averaging 4 hours. Accordingly, oral doses of © 
isosorbide dinitrate in amounts of 20 to 40 mg may be 
administered at intervals of 4 hours. 

Nitroglycerin ointment also has a more prolonged | 
duration of action, averaging 4 hours. One half to two 
inches (3.8 to 5.1 cm) of 2 percent nitroglycerin ointment 
may therefore be administered instead of oral isosorbide 
dinitrate. 

Further therapy: Treatment with vasodilator agents | 
is not advised for patients who have no complications 
after infarction and who have no anginal pain. However, — 
if chest pain has been relieved by these agents and there 
is no electrocardiographic or enzymatic evidence of 
myocardial necrosis, vasodilator therapy should be 
continued and coronary arteriography should be con- 
sidered after the patient’s condition has been stabilized 
for an interval of 48 hours. 


Subset 3: Hypertensive 


Sodium nitroprusside: If the arterial pressure is 
160/100 mm Hg or greater, and the patient continues 
to experience pain, or the pulmonary wedge pressure 
exceeds 22 mm Hg, intravenous administration of so- 
dium nitroprusside is an appropriate intervention.!? 
Sodium nitroprusside in this setting is likely to relieve 
angina and electrocardiographic changes of myocardial | 
ischemia. The initial dose of sodium nitroprusside ini- 
tially should be small, 10 ug/min, and the doses gradu- 
ally increased while the changes in intraarterial and 
pulmonary wedge (or diastolic) pressure are moni- 
tored. 

Beta receptor blocking agent: In the absence of 
heart failure, tachycardia may result from use of ni- 
trates, or nitroprusside may provoke tachycardia. The 
concomitant use of a beta receptor blocking agent may 
be useful to control the increase in heart rate if pulmo- 
nary wedge pressure does not exceed 18 mm Hg. 


Calcium antagonists 


The role of slow channel-inhibiting agents (calcium 
antagonists) for the management of severe angina re- 
mains uncertain. In patients with a typical history of the 
variant type of angina who experience repeated episodes 
of prolonged angina at rest associated with S- T segment 
elevation or depression, the administration of a calcium 
antagonist is an appropriate intervention when nitro- 
glycerin proves ineffective. Nifedipine, verapamil, dil- 


tiazem and lidoflazine are the three slow channel-in- . 


hibiting agents that are now available or under inves- 
tigation in the United States. Preliminary investigations 
indicate that all of these agents are equally effective for 
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.. the management of the variant form of angina. How- 


ever, in the presence of heart failure nifedipine is pre- 
ferred because it does not produce significant depres- 
sion of cardiac performance. 

The slow channel-inhibiting agents appear to relieve 
myocardial ischemia by one or more of the following 
mechanisms: (1) relaxation of tone in large conductance 
arteries; either spasm in normal arteries or narrowing 


— jn the area of organic stenosis; (2) reduction of the heart 
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rate-systolic blood pressure product and therefore 
cardiac work during exertion; (3) redistribution of 
myocardial blood flow toward the vulnerable suben- 
docardial area when coronary blood flow is critically 
reduced; and (4) prevention of compliance changes in 
the myocardium during episodes of myocardial ische- 
mia.? However, in addition to these coronary and 
myocardial effects, each of these drugs has unique ef- 
fects and they therefore represent a heterogeneous 


grouping.”° 


In variant cases of angina that are due to coronary 
spasm, the calcium antagonists may be the drugs of 
choice for long-term treatment.?!:2? Nitroglycerin, iso- 
sorbide dinitrate or other nitrates may also be effective. 
Because both nitrates and calcium blocking agents are 
also effective for the treatment of the more severe forms 


of coronary spasm, the therapeutic benefits of these 


drugs are in part independent of the underlying mech- 
anism. Nitrates and calcium antagonists may be used 
together when either drug alone is ineffective. 

Of the calcium channel blocking agents, nifedipine 


_ has the most prominent dilating effect on small vessels. 


It therefore tends to decrease blood pressure and it may 
cause reflex tachycardia. Verapamil has lesser dilating 
effect on the small vessel but it reduces A-V conduction 
and typically reduces heart rate. The use of verapamil 
in combination with beta receptor blockade may be 
hazardous. Diltiazem and lidoflazine have very little 
dilating effect on small vessels and usually do not alter 
either blood pressure or heart rate at rest. Additional 
data are awaited regarding the relative efficacy of these 
drugs for relief of myocardial ischemia syndromes. 


Heparin 


Heparin by intravenous injection for treatment of 
persistent pain is without documented benefit. There 
is some evidence favoring the use of prophylactic doses 
of subcutaneous heparin to reduce the risk of throm- 
boembolism in the hospitalized patient with coronary 
artery disease. 


Dyspnea 

When dyspnea is the primary symptom or sign, the 
initial management includes positioning of the patient 
in an upright posture and the administration of oxygen 
by face mask or nasal cannula at a flow rate of 6 to 10 
liters/min. When dyspnea is associated with chest pain 
or an abnormality of cardiac rhythm, the subsequent 
treatment of these complications may take priority. 


Acute Pulmonary Edema 


Morphine: Perhaps the single most effective medi- 
cation for the treatment of pulmonary edema is mor- 
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phine sulfate. Nevertheless, its mechanism of action is 
still not clearly understood. Morphine has a vasodilator 
effect, presumably related to a direct action of the 
narcotic on venules resulting in peripheral venous 
pooling. The sedative effect of morphine relieves anxi- 
ety, and therefore lowers both the respiratory rate and : 
the work of breathing. A total of 10 mg of morphine 
sulfate may be diluted in 10 ml of solution. It is ad- 
ministered by slow intravenous injection at a rate not 
exceeding 2 mg (2 ml)/min for a maximal dose of 10 to 
20 ml. 


Diuretic drugs: Furosemide and ethacrynic acid are 
potent diuretic agents that act principally at the diluting 
segment of the ascending limb of the loop of Henle. 
Their unique mechanisms of action make it possible for 
them to excrete 20 to 30 percent of the filtered load of 
sodium in contrast to a maximum of 10 percent with 
thiazide diuretic drugs.2? When they are injected in- 
travenously, the onset of action is within 5 minutes. 
Peak effects occur in 15 to 20 minutes, and the duration 
of the naturetic activity ranges from 1 to 3 hours de- 
pending on the dose.” 

The initial intravenous dose of furosemide is 20 mg 
in patients who present with a first episode of heart 
failure. The dose ranges from 40 to 80 mg in patients 
with prior heart failure. The drug is administered by 
slow intravenous injection over 1 to 2 minutes. It may 
be administered by trained paramedical personnel be- 
fore hospital admission if the clinical features are typ- 
ically those of acute pulmonary edema. If necessary, a 
second dose may be administered after 30 minutes. The 
dose may be doubled for each subsequent injection if the 
diuretic effect is suboptimal. In place of intravenous 
injection, oral therapy is instituted as soon as possible. 
In patients failing to respond to furosemide, ethacrynic 
acid may be effective. The initial parenteral dose is 50 
mg diluted in 50 ml of 5 percent dextrose or physiologic 
saline solution and injected over an interval of several 
minutes. If a second dose is to be administered, the in- 
jection site should be changed to avoid the risks of 
thrombophlebitis. 

Diuretic drugs should be used with special caution 
in patients who have acute pulmonary edema after- 
myocardial infarction.”° In these persons, the reduced 
compliance of the ischemic myocardium may cause the 
ventricle to require a high filling pressure to maintain 
cardiac output.?6 Overly vigorous use of diuretic agents 
in this setting may cause hypovolemia related to low 
flow state (shock).?7?8 If diuretic (and other) therapy 
is successful, pulmonary congestion is relieved, oxy- 
genation enhanced and ventricular function improved. 
Left ventricular function should be carefully moni- 
tored. 


Vasodilators: Vasodilators can cause prompt ame- 
lioration of symptoms of acute pulmonary edema and 
should be considered for management of pulmonary 
edema due to primary myocardial disease, valve insuf- 
ficiency, hypertensive heart disease and acute myo- 
cardial infarction. It is the increase in pulmonary venous 
pressure that is the most important hemodynamic ab- 
normality of cardiogenic pulmonary edema. Vasodilator 
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rements for diagnosis of the etiology of pulmo- 
ma, therapy may be initiated with sublingual 
rin (0.4 mg) or isosorbide dinitrate (2.5 to 5.0 
Both are predominantly venous dilator drugs and 
ptly reduce pulmonary capillary wedge pressure. 
ublingual nitroglycerin, the hemodynamic re- 
occurs within an interval of 5 to 10 minutes and 
fect persists for 20 to 30 minutes. Sublingual iso- 
de dinitrate has an onset of action within 10 to 15 
tes and its hemodynamic effects persist for an in- 
terval ranging from 90 to 120 minutes. If severe left 
- ventricular obstruction such as aortic stenosis is sus- 
-~ pected, vasodilators should be used cautiously because 
they may greatly reduce cardiac output and precipitate 
hypotension. If it is known that the patient has severe 
aortic stenosis, vasodilator therapy is contraindi- 
cated. 
c^ Éfsystemic hypotension with systolic blood pressure 
of less than 90 mm Hg is associated with pulmonary 
“= edema, vasodilator therapy should not be continued 
^. unless the hemodynamic status of the patient is moni- 
-tored with direct measurement of proximal intraarterial 
pressure. Hemodynamic monitoring is also advised if 
. initial therapy does not produce prompt relief. This 
_ includes measurements of pulmonary capillary wedge 
.. and arterial pressures, cardiac output and systemic 
vascular resistance. Systemic vascular resistance (dynes 
. .-secm-?) is calculated as follows: (mean arterial pressure 
|. right atrial pressure) (cardiac output X 80). In pa- 
| . tients with acute myocardial infarction, hemodynamic 
monitoring is essential; identification of subsets of he- 
. .. modynamic abnormalities of themselves are very useful 
-. — for selecting an appropriate vasodilator agent in indi- 
vidual patients. 





































Normal Cardiac Output and High Left Ventricular 
Filling Pressure 


Intravenous nitroglycerin: When the cardiac index 
is equal to or greater than 2.5 liters/min per m?, and 
- when the systemic vascular resistance does not exceed 
1,200 dynes s cm^? and pulmonary capillary wedge 
“pressure is 25 mm Hg or greater, intravenous nitro- 
-glycerin is the vasodilator agent of choice. The initial 
. dose should be 10 ug/min, and the dose should be in- 
:¿ creased by 10 ug every 10 minutes until an adequate 
hemodynamic and clinical response is observed. The 
objective is to decrease pulmonary capillary wedge 
pressure to 20 mm Hg or less. In most patients, con- 
comitant treatment with a diuretic drug is required. If 
ystolic arterial pressure is reduced to less than 90 mm 
Hg, the dose of nitroglycerin should be decreased. 








































Low Output State or Hypertension Greater Than 
160/100 

Jitroprusside: In patients in whom cardiac index 
ss than 2.5 dele p per m. and io dee vascular 
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for short-term therapy of pulmonary ede 
cating hypertensive crises. With adequate c 
hypertension and pulmonary edema 
controlled. l 


with EE rid is typically. followed Wi marked r ri 
duction in left ventricular end- diastolic and pulr mona 











stroke volume and cardiac output. Although tye d 
zine, a direct-acting vasodilator, and prazosin, a pos 
synaptic alpha adrenergic blocking agent, may ha 
similar beneficial hemodynamic and clinical effects 
patients with aortic or mitral regurgitation, their p: 
tential adverse effects include hypotension that cann 
be rapidly reversed. Moreover, they have a more delay d 
onset of action than that of sodium nitroprusside. A 
cordingly, intravenous infusion of sodium nitroprussid 
because of its immediate onset and discontinuance of 
action, should be regarded as the preferred agent for the 
initial treatment of pulmonary edema in such patients.? 
The initial dose of sodium nitroprusside should not - 
exceed 10 ug/min; the dose should then be increased by | 
5 to 10 ug/min every 10 minutes with monitoring. of | 
changes in pulmonary capillary wedge pressure, arterial 
pressure, cardiac output and systemic vascular resi 
tance. 

Phentolamine: Phentolamine, administered intr 
venously, produces hemodynamic effects similar 
those of sodium nitroprusside but with the potenti. 
adverse effects of tachycardia in the presence of hea 
failure.?? Furthermore, phentolamine is very expensi 
If phentolamine i is used, the initial dose should not e 
ceed 0.1 mg/min and the dose should then be increa 
by 0.1 mg/min every 5 to 10 minutes until appropr 
hemodynamic and clinical responses are obse 

The objective of treatment with sodium nitro, 
side or phentolamine in this subset of patien 
decrease pulmonary capillary wedge pressure to 
Hg or less and to increase cardiac output by re 

systemic vascular resistance. Treatment i is so 
as to minimize any decrease in arterial pressi 
in e with ay cleats crises. H arteri: 
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Sedis anda with a marma effect at about 
: dar the os may be maintained o on 


b: lation, digitalis i is a first line nen In this setting, 
s imperative to slow the ventricular rate as soon as 
possible. If the atrial fibrillation has caused hemody- 
namic compromise, emergency direct current counter- 
shock i is the treatment of choice. Digitalis should not be 
given as a bolus injection, because it may cause vaso- 
constriction and elevated systemic blood pressure.?* 
Although transient, this increase in afterload may prove 
detrimental in the setting of acute myocardial infarction 
or shock, or both. 








































Pulmonary Embolism 


= Acute pulmonary embolism may present as a medical 
emergency in a variety of ways including syncope and 
chest pain or as left ventricular failure. In general, 
during the acute episode, treatment is directed toward 
supportive measures. In addition, measures are taken 
to protect against subsequent episodes of emboliza- 





: Oxygen should be administered either by nasal can- 
nula or by mask. Patients typically have hypoxemia and 
the diagnosis is unlikely in the absence of hypoxemia. 
xygen inhalation of itself decreases the pulmonary 
hypertension of acute pulmonary embolism.?? 





eparin 

Intravenous administration of heparin is the 
reatment of choice for management of pulmonary 
mbolism. 'The aim of therapy is to prevent further 
)pagation of a thrombus in the deep veins of the legs 
pelvis, or of one or more emboli that are lodged in the 
Imohary circuit. Heparin is an anticoagulant that 
bably binds to endothelial surfaces to block throm- 
fibrinogen i interaction. deu acts 1 in the early 


"acia. is firsts sus- 
"med, heparin i is 





B thet test pum r cg d. although re- . 
cent study?? suggests that the thrombin time may have — 
a higher correlation with plasma heparin concentration.. 
Antithrombin III activity is decreased in patients who _ 
receive large dose heparin in the presence of hypoten- . 
sion and shock. 

Heparin therapy should be continued until the pa- 
tient's status has stabilized and venous thromboses have. 
resolved (7 to 10 days). Heparin therapy should be 
gradually withdrawn if the initial impression of pul- 
monary embolism proves to be in error. With sudden 
cessation of heparin therapy, the very low antithrombin - 
II levels may of themselves increase the risk of 
thromboembolism. 

Thrombocytopenia is a frequent complication of 
treatment with heparin.?? Daily or alternate day 
platelet counts are therefore advised.*? Pulmonary 
embolism notwithstanding, severe thrombocytopenia 
requires discontinuation of therapy. 


Treatment of the Patient With Hemodynamic 
Deterioration Requiring Continued Pressor Therapy 


Streptokinase/urokinase: The use of streptokinase 
or urokinase preparations for the treatment of patients 
with massive pulmonary embolism when hemodynamic 
status is deteriorating is still controversial. Of 160 pa- 
tients studied in the Urokinase Pulmonary Embolism 
Trial! the mortality was similar in the group given 
urokinase followed by heparin and in the group given 
heparin alone. The rate of angiographically determined 
embolus resolution was more rapid after administration 
of urokinase, but bleeding complications were more ` 
frequent. There is optimism that thrombolytic therapy 
is efficacious and safe in patients with massive pulmo- 
nary embolism obstructing two thirds or more of the 
pulmonary vasculature. Circulatory failure is manifest 
by unstable decreasing blood pressure and, typically, 
right heart failure. ] 

Approved indications. for use of streptokinase v. 
(Streptase,9 Kabikinase®) or urokinase (Abbokinase9) . 
for the treatment of pulmonary embolism include ob- 
struction with serious filling defects in two or more lobar 
pulmonary arteries; or an equivalent volume of embol 
in other pulmonary arteries with or without shock; or- 
submassive emboli accompanied by shock or impending e 
shock. With massive pulmonary embolism, fibrinolytic — 
therapy may be successful,*?*? but the adverse effect 
of the infusion must be closely monitored. Befor 
thrombolytic therapy is begun, the thrombin. time 
prothrombin time, partial thromboplastin time. (PTT) 
and platelet count should be measured to scree 
coagulation disorders.44 The choice between UE 
nase/streptokinase therapy and surgical intervention. : 
should be mac e early during t pue course of manage- ! 
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Three to fous hours after A yt of the 
n aed hen it de d thrombin time should be 








y ivory indications for pulmonary embolec- 
- tomy: In selected patients, pulmonary embolectomy 
^» may be an appropriate alternative to thrombolytic 
therapy, but the operative risk is high. Embolectomy 
should be considered when there is persistent shock 
unresponsive to medical management, when major 
. filling defects are visualized on angiography in the 
» pulmonary artery, its two main branches or in several 
“lobar branches. 






Pump Failure 


... Clinical Manifestations 
Coo The low output state should be regarded as a clinical 
«| : Syndrome whose essential features are manifestations 
. Of diminished organ perfusion such as oliguria with 
"urinary output of 20 ml/hour or less, mental obtunda- 
tion and cold clammy skin. The more advanced low 
output states of cardiogenic shock are characterized by 
hypotension with a systolic blood pressure of less than 
. 90 mm Hg and tachycardia with the heart rate exceed- 
Ang 120 beats/min. The clinical manifestations and as- 
sociated hemodynamic abnormalities are related to the 
etiology of the low output state. Left ventricular third 
sound gallop, rales and radiographic features of pul- 
|. onary venous congestion or edema reflect increased 
.: left ventricular diastolic and pulmonary capillary wedge 
. pressures. In patients with primary right ventricular 
failure, elevated jugular venous pressure and right 
“Ventricular third sound gallop are observed in the ab- 
-sence of the clinical features of left ventricular failure. 
- Markedly increased jugular venous pressure, a “quiet 
 precordium" and the absence of physical signs of pul- 
Y onary hypertension are suggestive of cardiac tam- 














lthough the etiology of pump failure can be sus- 
pected clinically, hemodynamic monitoring is required 
o establish the diagnosis, to determine the severity of 
hemodynamic abnormalities to guide selection of 
erapy, and to monitor effects of the interventions. 


Subset 1: Low Output State Due to Left 
tricular Failure 


yi is subset is characterized by pulmonary congestion 







f ing 18 rm Hg. 





entgenography, systolic intraarterial pressure 
ig 100 mm Hg and left ventricular filling pres- i 
i The manifest tions of. di- 


per m? and stroke work index to: 
an increase in left ventricular | 
nary capillary wedge or pulmo: 1 
pressure) to more than 18 mm Hg. S 
resistance may be increased togethe 
rest. 

Vasodilator therapy: Pump fai 
duction of systolic blood pressure to] 
or of diastolic pressure to less tha 
to respond well to vasodilatory therapy 
therapy is especially useful in patients wit! 
myocardial infarction who have a low outp it stat 
to left ventricular failure. In patients in whon 
infarction is complicated by rupture of the v ntric 
septum or acute mitral regurgitation due to. 
muscle infarction, vasodilator drugs may be used foi 
immediate control of left ventricular failure un co 
rective surgery can be performed. | qo 

Sodium nitroprusside, nitroglycerin and. ot herr 
trates and phentolamine are the most widely i$ 
vasodilator agents (see previous paragraph). Each ge 
has rapidly reversible hemodynamic effects. Nitro 
glycerin, because of its predominant venodilator eff 
acts to reduce pulmonary capillary wedge and righ’ 
atrial pressures. Only a modest or no increase in cardi 
output should be anticipated. However, it may be the 
most effective agent for relief of pain of acute myo r- 
dial infarction even though it does not necessari 
crease cardiac output. Both sodium nitroprusside < 
phentolamine have balanced effects on the arteriol 
resistance bed and venous capacitance bed with a T 
duction in systemic vascular resistance and an increa 
in cardiac output. Pulmonary capillary wedge pressure 
and right atrial pressure are also decreased. | 

Guidelines for nitroprusside therapy: For trea 
ment of low output state associated with left ventricular 
failure, sodium nitroprusside is the vasodilator of choice 
for reasons already stated. The following guidelines a are 
suggested for such therapy: s 

1. Estimate cardiac index, measure left ventric a 
filling pressure (pulmonary capillary wedge or pulm 
nary artery end-diastolic pressure), arterial pressure an 
systemic vascular resistance. 

2. If cardiac index is reduced to less than 2.5 it 
min per mł, left ventricular filling pressure is incre 
to more than 18 mm Hg, arterial systolic blood pres: 
exceeds 90 mm Hg arterial diastolic Bud s is 






















































































increased to more "than i 200 del 8 cm", an n 
of oes aude aay be a 
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ve continued until both hemody- 
mprovement is maintained for 24 
therapy by other than the parenteral 
substituted if continued therapy is 


pressure declines before any increase in 
and decrease in left ventricular filling 
fusion of nitroprusside should be discon- 
Pan infusion of dobutamine should be 





the magnitude of increase in cardiac output 
ring treatment with sodium nitroprusside is less than 
0 percent, dobutamine should be added. The initial 
ase of dobutamine is 5 ug/kg per min, and the dose is 
creased by 2.5 ug/kg per min every 10 minutes to a 
maximum of 10 ug/kg per min. Hypertension and ex- 
cessive increases in heart rate require a reduction in the 
dose of dobutamine. 
h patients with pump failure in whom arterial 
pressure ranges between 90 and 100 mm Hg, the option 
of beginning treatment with vasodilator drugs as in 
Subset 1 or inotropic drugs as in Subset 2 is based on 
clinical judgment. 


Subset 2: Arterial Pressure <90 mm Hg, Left 
Ventricular Filling Pressure > 18 mm Hg and 
Pulmonary Congestion on Chest Roentgenography 


- If systolic blood pressure is less than 90 mm Hg in the 
setting of acute or chronic left ventricular failure, the 
perfusion pressure may become the limiting factor in 
reservation of systemic organ perfusion and function. 
'asodilator drugs such as sodium nitroprusside or hy- 
alazine may still be employed after arterial pressure 
as been increased by inotropic agents but with cautious 
1onitoring of intraarterial pressure and frequent as- 
sessment of mental status and urine output. Initially, 
these patients will need inotropic support to maintain 
n adequate cardiac output and arterial pressure. The 
o agents available for this purpose are dobutamine 
d dopamine. 

Dobutamine: This inotropic drug produces little 
tropic effect at small doses and has balanced 





ee ioe and, deed blood pressure may 
reuse, ae a the i ^i useful 







and a vasoconstrictor effect may predominate. The . 
virtue of dopamine is that it usually increases arterial 
pressure together with cardiac output although the in- . 
crease in cardiac output is usually less than it is with - 
dobutamine.” Doses ranging from 5 to 15 ug/kg per min — 


rien there i isa probado of Fendo renous norepitiep hr 


appear to have a predominant inotropic effect, whereas | 
doses in excess of 15 ug/kg per min may begin to exert 
a prominent arterial and arteriolar vasoconstrictor ef- 
fect. 

Norepinephrine: If arterial pressure cannot be 
maintained with dopamine in modestly large doses (20 . 
to 30 ug/kg per min) then infusion of norepinephrine | 
may be necessary and advisable. Although the systemic - 
effects of norepinephrine may be deleterious in terms 
of renal, mesenteric and skeletal perfusion and metab- 
olism, the need for adequate pressure to perfuse the 
brain and heart may take precedence.*®*! If norepi- 
nephrine is used as a vasopressor agent, efforts should 
be made to discontinue this drug as soon as possible and 
to replace it with inotropic or vasodilator drugs, or both, 
that are more effective for restoring more normal re- 
gional perfusion. 

Intraaortic balloon counterpulsation: This in- 
tervention should be considered for treatment of pa- 
tients who continue to have hypotension and under- 
perfusion after a short trial of aggressive medical ther- 
apy. Institution of balloon assistance in such patients 
generally commits the physician and the patient to di- 
agnostic catheterization to identify any surgically cor- 
rectable lesions.?? 


Subset 3: Filling Pressure <15, No Pulmonary 
Congestion on X-Ray Film, Systolic Arterial Pressure 
«90 mm Hg 


Volume replacement: In the absence of a 
congestion in patients with a low filling pressure, re- 
gardless of cause, volume replacement is the therapy of 
choice. Should the filling pressure be less than 15 mm 
Hg, fluid should be infused to achieve and maintain a 
left ventricular filling pressure of 15 mm Hg. In the - 
patient with heart disease in whom left ventricular. . 
compliance may be reduced, left ventricular filling zu 
(pulmonary capillary wedge) pressures of up to 18mm 
Hg may be optimal in terms of ventricular performance. E 
Although higher than normal, such pressures may still 
be consistent with relative hypovolemia. Under these — 
circumstances, fluid infusion should be titrated in 50. - 
ml increments against pulmonary capillary wedge _ 
pressure, cardiac output and clinical variables of per- 
fusion, and filling pressure may be increased. to lev ls 
of 20 mm Hg. 

If the hematocrit is reduced or if the patient isac- 













tively bleeding, volume should be replaced. with re- - 


porem whole. blood. If the. hematocrit is normal, _ 
or crystal utions. may be infused. The = 










n ia tet Rin 


Aranirna.relatod. E HE bs: compressing 
3 reservoir below the diaphragm and diverting 
to the central circulation. This device may also 
intraabdominal bleeding that may occur as the 
f trauma or spontaneously, including rupture of 
ominal aortic aneurysm.53-59 
lication of the garment is a temporizing measure 
ay be useful before repletion of volume, as an 
tto repletion of volume or until a definitive in- 
'rvention is accomplished. Finally, it may also be used 
i} place of fluid infusion as a reversible “autotrans- 
fused” volume load to test the cardiac response to in- 
crease the preloads in a patient with shock independent 
S. Of its cause. 

In patients who present with shock and whose systolic 

pressure is less than 70 mm Hg, norepinephrine should 
- be infused pending volume repletion. 




















Ü C Subset 4: Hemodynamics of Right Ventricular 
E Infarction or Tamponade, or Both 


" . Right ventricular infarction: Involvement of the 
: free wall of the right ventricle is likely to occur only in 
p patients who have clinical evidence of inferior or in- 
. feroposterior myocardial infarction. Other clinical signs 
- include right ventricular failure with increased jugular 
-» venous pressure and right ventricular third sound gallop 
|. in the absence of pulmonary venous congestion and 
overt left ventricular failure. Electrocardiographic leads 
|. frequently show absence of R waves or S-T elevation, 
... or both. Disproportionate elevation of right atrial 
—. compared with pulmonary capillary wedge pressure is 
| .. the most frequent and diagnostic of hemodynamic 
findings. Pulmonary capillary wedge pressure is typi- 
cally normal or only slightly increased. Infrequently, 
right and left ventricular diastolic pressures are 
equal. 
ca o Although the incidence of right ventricular infarction 
s . in patients with inferoposterior infarction ranges from 
a 20 to 30 percent the low cardiac output state is uncom- 
|... mon. However, in patients with right ventricular in- 
_ ~~ farction, venodilator drugs (like nitroglycerin) or di- 
=< uretic drugs (like furosemide) are best avoided. These 
"reduce venous return and therefore the preload, which 
in the setting of right ventricular infarction may pre- 
pitate the low output state and clinical signs of shock. 
the patient presents with a low output state, intra- 
venous fluids should be given to maintain higher than 
normal right atrial pressure. 
- The vasodilator drugs that decrease pulmonary 
vascular resistance, especially sodium nitroprusside 
or nitroglycerin, are likely to improve the low output 
ate provided high right atrial pressure is maintained 
by concomitant administration of fluids. These vaso- 
ors should not usually be administered without 
urrent infusion of fluids. Occasionally, addition of 
tropic agents may be required to increase systemic 


































c output. Dobutamine i 1s is preferred to dopamine, _ 








traaortic balloon counterpulsation 
vasodilators and inotropic therapy m 
maintain a viable cardiac output. 
Cardiac tamponade:* Characteris 
tamponade is simultaneous increase of } 
venous and pulmonary capillary wedge 
usually to equal levels. Pharmacologic. m 
should be considered if there is a delay in suc 
needle or surgical drainage of the pericardial fluid 
goal of pharmacologic management is to im 
diac output and regional perfusion of critic 
This may be achieved by increasing blood volume : 
thereby filling capacitance vessels and further 
creasing central venous pressure and therefore preloac 
to augment ventricular filling.9? Experimentally, cz 
output may also be improved with vasodilator dni 
which reduce arterial but not venous tone, such as ise 


































heart and therefore the preload. 
Trauma 


The physicians treating patients who have suet : ai 
trauma to the chest are alerted to the potential of 
diovascular injuries including myocardial contusi 
infarction, aortic aneurysm or tear, acute val 
regurgitant lesions, ventricular septal defects or 
cardial tamponade. rn 

Arrhythmias complicating closed or open. che d 
Jury should be treated as they would in myoea ji 
infarction. Meticulous attention must be given to 
ventilation, Lap and eo of dd 5 














formance, i impair oxygen release to A adis 
vascular volume with sodium and water and proc 
both hypokalemia and hyperosmolal states, 
amounts of sodium bicarbonate that are adminis 
should be titrated against arterial blood pH 
pressure of carbon dioxide PCO»9.®?-68 








Dissecting Aneurysm 


The goal of therapy in the patient who has 
an aortic dissection is to halt the progressio 
dissecting hematoma. More than 25 percent o 
treated patients die within 24 hours, more t 
percent within 1 week and more than 90 percent 
1 year? Aggressive medical management pr 
































































plete € e trolo oft pain feed reduction of mn 
00 to 110 mm Hg (or to the lowest level that 
lequate regional blood flow evidenced by 
q inary output), absence of evidence of 

cardial ischemia and clear sensorium. Sodium ni- 
oprusside by intravenous infusion in an initial dose 
5 to 50 pg/min i is the drug of choice. Because nitro- 
yrusside may increase left ventricular ejection velocity, 
a beta adrenergic blocking agent such as propranolol 
nderal®) should be simultaneously administered. If 
sodium nitroprusside is ineffective or poorly tolerated, 
the ganglionic blocking agent trimethaphan (Arfonad®) 
should be administered intravenously in amounts of 1 
mg/min and increased up to 4 mg/min. Trimethaphan 
is a second choice drug because frequent complications 
include: severe hypotension, tachyphylaxis, urinary re- 
tention and ileus. 
— In the acute setting of dissecting aortic aneurysm, 
a trial dose of 0.5 mg of propranolol is administered 
intravenously. Additional doses of 1 mg are adminis- 
tered at intervals of 5 minutes until adequate beta ad- 
renergic blockade is confirmed by slowing of the pulse 
rate of the acutely ill patient to less than 80 beats/min. 
The initial total dose should not exceed 0.15 mg/kg body 
weight. Thereafter, it is administered intravenously at 
intervals of 4 to 6 hours in lesser dosage, usually not to 
exceed 6 mg/dose. 
» Aortography and surgery: After stabilization, the 
patient should undergo aortography. A decision that 
would favor either medical or surgical intervention can 
then be reached.5? Immediate surgical intervention is 
life-saving after aortic rupture, severe aortic regurgi- 
tation or cardiac tamponade (see report of Task Force 
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Arrhythmias 


sophiteula and Treatment of Ventricular Arrhythmias 
Ih Lidocaine 

revention of ventricular fibrillation: The pre- 
on of primary ventricular fibrillation and the 
ion and treatment of ventricular tachycardia 
ting acute myocardial infarction are major 
acute coronary care. Although rapid diagnosis 
dioversion are available in coronary care units, 
ention of x ini ues Rus o aa is 








ar Facite drug: after acute EN infarc- 
-13 but relatively few studies are adequate in scope 
ell controlled. E en Fiet it is thec consensus of 








ventricular f fibrillation. 


important evidence that lidocaine could, indeed, sup- ; 






E n iiec dn the eM inket on |. 
technique, a dose of 50 mg of lidocaine is administered _ 
by slow intravenous injection at intervals of 5 minutes . 
for a total dose ranging from 200 to 300 mg. 74 Inthe - 
continuous infusion technique, lidocaine is adminis- - 
tered at a rate of 20 mg/min for a total dose of 3 to 5 - 
mg/kg. Both techniques are regarded as safe and useful 
options for providing effective blood levels. With either 
technique, adverse effects are infrequent and effective 
blood levels are obtained within 15 minutes. Either | 
technique is preferred to a single large bolus loading . 
dose which results in rapid distribution of the drug, 
inadequate blood levels and a greater incidence of ad- 
verse effects because of the preferential distribution of 
the drug to the brain. 

The intramuscular administration of 300 mg of lid- 
ocaine as a 10 percent solution may have efficacy com- 
parable with that of intravenous lidocaine but this may 
invalidate cardiac enzyme measurements for diagnosis 
and prognosis of acute myocardial infarction.7*75 Al- 
though we do not recommend intramuscular adminis- 
tration after the patient is admitted to the hospital, we 
do not exclude its use for prehospital (mobile) coronary 
care. 

Treatment of ventricular tachycardia: For. 
treatment of specific arrhythmias and especially ven- 
tricular tachycardia, an initial bolus dose of 100 mg of - 
lidocaine should be injected rapidly. A subsequent 
infusion of lidocaine is required for maintenance of . 
blood levels after any loading dose. Maintenance doses ° 
range from 2 to 5 mg/min, and depend on age, cardiac 
status, hepatic function and body size. Lidocaine should 
be routinely infused with the aid of a calibrated infusion _ 
pump. Toxicity should be identified at its early stages — 
by careful clinical assessment. Usually, the maintenance 
dose is decreased by 1 mg/min approximately 12 hours 
after initiation of therapy to prevent the later devel- 
opment of toxicity. 


Prophylactic Use of Lidocaine in Acute Myocardial. 
Infarction—Contrary Arguments z 

The rationale of prophylactic axtiairhythmio hoa: 
for therapy of patients after acute myocardial infarction- 
stems from the frequency with which ventriculai p 
tachyarrhythmias, particularly ventricular fibrillation, ` 
cause death in these patients. About 65 percent of . 
deaths occur in the first hour of a heart attack, and most — 
are caused by ventricular fibrillation.79 The prevention - 
of such events is a reasonable and urgent goal. Lidocaine 
has been used for this purpose for more than a d 
ade" 4,78 on the basis of its favorable electrophysiolo 
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Jed trial that doe of Run de fibrillation. How- 
ore Pitt et al. 78 * demonstrated that the in- 






ts afiera an average interval of 8 hours after the onset of 
_ symptoms. Other ventricular tachyarrhythmias were 
- -suppressed in the lidocaine-treated group. There was 
. no difference in the incidence of ventricular fibrillation 
= = between treatment and control subjects in the study 
- » reported by Mogensen et al.,”’ but only a relatively small 
^ . population of patients was investigated. However, the 

-- incidence of ventricular tachycardia was reduced. Other 
. studies are defective because of delayed onset of treat- 
ment or lack of control subjects.’9 


: Potential adverse effects: Although lidocaine is a 
latively safe medication, it is not innocuous. The most 
mmon adverse effects involve the central nervous 
system and include nausea, drowsiness, speech distur- 
bances, peroral numbness, confusion, respiratory de- 
pression and seizures.7? 80 Potential adverse cardiac 
effects include sinus bradycardia,5! 5? sinus arrest,53:94 
- heart block,®-87 hypotension?-88 and, rarely, ventric- 
ular tachyarrhythmias.9? Both efficacy and adverse 
-. reactions are dose- and drug blood level-related. 
Therefore, the incidence of adverse events may be 
| minimized by careful attention to dosage and, when 
-. necessary, the measurement of plasma drug concen- 
trations. However, neither infusion pumps??9? nor so- 
|. phisticated pharmacokinetic formulas for calculating 
».. dosage?! need be used routinely. 
=- Identifying patients at high risk: The identifica- 
-.. tion of persons at high risk of having ventricular fibril- 
... lation would eliminate the need to give the drug to those 
_. who cannot benefit. In the past, this was accomplished 
-— by administering lidocaine only to patients exhibiting 
.. certain "warning arrhythmias”: frequent, multifocal or 
|. paired ventricular ectopic beats, and ectopic beats 
—. displaying the R on T phenomenon. 89 It now seems clear 
that such arrhythmias do not serve as competent pre- 
dictors of the subsequent occurrence of ventricular fi- 
illation.®9°° Accordingly, all patients with acute 
myocardial infarction should be treated with lidocaine 
iring the first 48 hours after the onset of symptoms 
hen the risk of ventricular fibrillation is greatest.?? The 
investment in and the risks of adverse effects are ac- 
ptable even though the majority of patients are not 
stined" to have ventricular fibrillation. 
1 tional well controlled trials are desirable not i d 










































lache intervention indicates | 


- accelerated idioventricular rhythm does not rep 












Receiving Adequate L Lidocain Therapy 


The appearance of ventricular premature | i 
izations including complex beats does not n 
require a change in therapy. As stated above, neit 
presence nor absence of warning arrhythmias is of 
ment in reaching a decision regarding changes 
arrhythmic regimens.9??-?5 However, when vet 
fibrillation or ventricular tachycardia occurs 
of regimen is required. For purposes of this d 












ventricular tachycardia. If lidocaine fails to pr 
tachyarrhythmias, the following interventions i 
advised: i 
Procainamide: The efficacy of procainamide agains 
ventricular fibrillation and ventricular tachycardia 
the setting of acute myocardial infarction and chroni 
coronary artery disease is well documented.?5-199 Pro. 
cainamide has been used both for prophylaxis. to pre 
vent ventricular arrhythmias and for treatment. | 
Procainamide is administered intravenously 
amounts of 50 mg/min to a total dose of 1 to 1.5 g. Ora 
loading doses of 500 to 1,500 mg orally can also be used 
However, effective blood levels are achieved more slowl 
with oral dosing than with intravenous loading. Eithe 
intravenous or oral maintenance doses must then 
administered. Intravenous maintenance doses range | 
from 2 to 6 mg/min, and oral maintenance doses range _ 
from 250 to 1,500 mg at intervals of 3 to 4 hours. The 
maintenance dose may be reduced after 12 hours, in 
part, contingent on renal function. : 
The loading doses of procainamide have minimal 
effects on the patient's hemodynamic status, 97599101 
even when left ventricular function is depressed. 102 
Although procainamide therapy prolongs both QRS. and | 
Q-T intervals, there is a small incidence of high grade 
A-V block.99.100,103 a 
Bretylium: Bretylium can be used for the prevention. : 
and treatment of ventricular fibrillation. Its use has - 
been restricted largely to patients with resistant ven- | 
tricular arrhythmias who are refractory to lidocaine and _ 
procainamide. Its efficacy has been particularly well | 
documented in the therapy of ventricular fibrillation 
Bretylium facilitates conversion of ventricular fibr 
lation by electrical countershock. It has been shown t« 
be as effective as lidocaine for the prevention of ven 
tricular fibrillation in patients with acute cardiac c 
ses,104-106 In patients with refractory ventriculi 
brillation, bretylium also facilitates conversion of v« 
tricular fibrillation by direct current co 
shock. 106-111 
Bretylium is administered in a dose of 5 ma/hg 
rapid intravenous bolus injection. If the arrhyt 
persists, an additional dose of 10 mg/kg ma 
ministered. For maintenance therapy, the drug: l 
administered as a constant infusion in amount 
2 mg/min or by an infusion of 5 to 10 mg 
15 minutes at intervals of 6 hours. — 
Orthostatic hypotension is a virti 
dii of bretylium. gore: hy 







































1 chythuiiias 4 that complicate 3 ac ite ) 
may be controlled with anti-ischemic regimens 


therapy, especially when the arrhythmias are resist : 
to conventional therapy. Beta adrenergic blocking | 





e roui oly used sedere A drugs. However, it 
not the drug of choice because of the adverse effects, 


ough it is indicated for the acute treatment of ven- - 


ular fibrillation. Its effectiveness for management 
ricular tachycardia is far less convincing. 
| Quinidine: Like procainamide, quinidine has been 
shown to be effective for the prevention and treatment 
of ventricular arrhythmias after acute myocardial in- 
'arction.112-115 
: Quinidine may be administered by intramuscular 
njection, although this has the disadvantage of com- 
plicating enzyme measurements. The preferred route 
s oral administration. Quinidine produces profound 
- hypotension, especially after intravenous administra- 
tion, because of its alpha adrenergic blocking properties, 
-which produce systemic vasodilation. Quinidine also 
depresses cardiac function. Although it may occasion- 
- ally be used for management of cardiac emergencies, it 
is not a preferred drug in this setting. 
- Phenytoin: The efficacy of phenytoin (Dilantin®) for 
the treatment of ventricular arrhythmias in the setting 
of acute myocardial infarction is unimpressive. It is 
. ineffective when used for prophylaxis of ventricular 
_ tachyarrhythmias.951161!17 However, it may be highly 
. effective for treatment of ventricular arrhythmias as- 
d sociated with digitalis intoxication.!!5 
For emergency treatment, phenytoin may be in- 
_ jected intravenously in amounts of 100 mg at 5 minute 
intervals until the arrhythmia is abolished, until un- 
desirable effects have occurred, or for a total dose of 
1,000 mg. A dose of 1,000 mg establishes plasma levels 
: ranging from 15 to 25 ug/ml. After the loading dose, 500 
- mg is administered on each of the next 2 days in divided 
doses. The dose may be subsequently reduced contin- 
gent on the patient's body size. 
- The adverse effects of intravenous phenytoin include 
a decline in cardiac output and arterial pressure when 
large amounts are administered rapidly. This is more 
likely to c occur in patients who have marked left ven- 








































je z P However, most aii that 2d to 
in therapy do so at levels that do not produce 





ombinations: Inadequate data are currently 








a regardin, ing the effects c of drug combinations for 





agents, nitrates, and intraaortic balloon counterpulsa- 
tion may be useful in this setting. Beta adrenergic | 


blocking agents may ameliorate arrhythmias by re- 
ducing ischemia. They may also prevent ventricular | 
arrhythmias by a direct action.” Although ventricular - 
arrhythmias may respond to beta blockade, the fre- 
quency and the exact setting in which they do so are not - 
well documented.!?* Beta blocking drugs are especially 
useful for treatment of ventricular arrhythmias that 
occur in close relation to anginal discomfort or electro- . 
cardiographic changes suggestive of ischemia. 7 
Beta adrenergic blockade ts the treatment of choice 
for severe ventricular arrhythmias associated with 
prolonged Q-T syndrome.!?» Propranolol, which is the 
currently available intravenous agent, is administered 
in a dose of 0.1 to 0.2 mg/kg at a rate of 1 mg every 1 to 
2 minutes. Adverse effects include severe bradycardia 
and hypotension. Infusion is discontinued when these 
adverse effects appear or when the arrhythmia is con- 
trolled. Additional adverse effects include broncho- 
spasms in patients with bronchospastic disorders. 
Intraaortic balloon counterpulsation has been shown 
to be effective in the setting of acute myocardial in- 
farction and continuing ischemia when standard anti- - 
arrhythmic and anti-ischemic regimens fail].1?91?7 As : 
stated, it is the increase in coronary flow and reduction — 
in myocardial oxygen consumption with lessening of 
myocardial ischemia that appears to be the basis of its. 
favorable effect. This modality is usually used in com- 
bination with antiarrhythmic drugs. 


Bradyarrhythmias 


Without acute infarction: Atropine may be used for 
the acute treatment of A-V block and sinus nodal dys- 
function. However, atropine should be regarded as only 
a temporizing intervention, pending the insertion ofa a 
temporary electrical pacemaker. T 

Atropine is administered in doses of 0.5 to 1. 0 mgat 
intervals of 3 to 5 minutes, for a total dose of 0.04 mg/kg. 
The end point of therapy is a ventricular rate of ap- © 
proximately 60/min. At small doses, a paradoxical . 
vagotonic effect may be noted. In certain types ofA-V - 
block, increases in sinus rate are followed by an increase _ 
in the heart block with a decline in ventricular rate. . 
Prolonged treatment with atropine may produce - 
drug-associated psychosis. Su 

Isoproterenol may be used if atropine proves. inef. 
fective or if its use must be abandoned because of un 
desirable effects. Iti is administered i ina à dose o of 10 ea zu 
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ut infaretion: In the ening of acute myocardial 
tion, atropine can be used for the treatment of 
rdia or A-V block. However, temporary pacing 
rable. Atropine is administered as above. In 
dition to the adverse effects already cited, a possible 
clinically unproved increase in vulnerability to fi- 
ion may be due to parasympathetic stimula- 











opine or isoproterenol can be used for the 
bradycardia and hypotension syndrome that occurs in 
. some patients with acute myocardial infarction. In 
^... addition to these pharmacologic interventions, the pa- 
^. tient should be maintained flat in bed with the legs el- 
v evated.}29 






Paroxysmal Supraventricular Tachycardia 


The initial attempt to convert paroxysmal supra- 
ventricular tachycardia to sinus rhythm should be made 
.- by performing maneuvers that augment vagal tone. The 
-- most commonly employed techniques are carotid sinus 
. massage and the Valsalva maneuver. If these are un- 
. successful, interventions may be added to these vaga- 
- tonic maneuvers. 
The drug of first choice for typical paroxysmal su- 
~ praventricular tachycardia, which usually results from 
-A-V nodal reentry or reentry utilizing an A-V acces- 
Mw sory pathway, is verapamil. Verapamil is effective for 
. . . conversion of episodes of reentrant paroxysmal supra- 
5. ventricular tachycardia. The drug is administered in- 
_. © travenously in a dose of 5 mg over an interval of 1 to 2 
s minutes. If this dose is ineffective after 10 minutes, 10 
mg should be administered.!?9.13! Verapamil may pro- 
" duce hypotension by a direct myocardial depressant 
action and sinoatrial and A-V nodal depression by direct 
effect. Accordingly, marked sinus bradycardia and A-V 
block may be precipitated. Elderly patients are at 
. . greater risk and special caution is advised in this age 
group. 
^« ^ Edrophonium (Tensilon®) can be administered in 
| an attempt to augment vagal maneuvers. Vagal ma- 
"^ ^ neuvers and edrophonium are usually ineffective in 
_ "patients in whom paroxysmal supraventricular tachy- 
|. cardia is associated with hypotension. An initial test 
= dose of 1 to 2 mg of edrophonium by intravenous in- 
jection should be followed by a repeat of vagal maneu- 
rs. If proved ineffective, an additional 8 mg may be 
Iministered in the absence of effects. Vagal maneuvers 
an then be repeated once again. Adverse effects are 
“ infrequent and reflect augmented vagal reflexes. 
P Propranolol may be administered intravenously for 
the termination of paroxysmal supraventricular 
Sade It is administered i ina dose of 0.1 to 0.2 






















n p be ua in an nattempt to convert paroxysmal 


pensation caused by atrial fibrillation, the 


of atrial fibrillation i in n the presece 


atients with coronary artery dis- - | à 


hemodynamic impairiteht, ‘In ii 
patients, an intravenous dose of 0.75 tc ng of 
may be administered over a 30 minute interva 


Atrial Fibrillation 


In treating atrial fibrillation, it is important t 
its underlying cause. There are several op 
treating atrial fibrillation in the absence of tl 
Parkinson-White syndrome. The standard 
includes treatment with a m: focosice 






































quate control of heart rate in patients wlio o have 
onset of atrial fibrillation. 2 
Verapamil or propranolol may be employed f or more 
rapid control of rate. Verapamil is administered 
intravenous injection in a dose of 5 to 10 mg over 1t 
2 minute interval. In most patients, ventricular rate 
effectively reduced within 5 to 10 minutes. The majoi 
additional effect of verapamil in this setting is a mod 
erate reduction in blood pressure.!30-13? Propranolo 
may be administered in a dose of 0.1 to 0.2 mg/kg at. 
rate not exceeding 1 mg/min. A less dramatic but usu. 
ally satisfactory reduction in ventricular rate is usually 
accomplished. 
Acute myocardial infarction: Both verapndill an 
propranolol may also be administered in the setting o 
acute myocardial infarction, but special caution shoul 
be observed. Verapamil is administered at a rate of - 
mg/min for a maximal dose of 20 mg. End points f 
administration include reversion to sinus rhythm, 
decrease in ventricular rate to less than 100/min, hy 
potension or evidence of increased congestive failure.!? 
In the setting of acute myocardial infarction, propr: 
olol may be administered in a dose of 0.1 mg/kg b 
vided into three equal doses that are injected at inti 
vals of 5 minutes. End points include a reduction 
ventricular rate to less than 100 beats/min, wor 
of congestive heart failure, or hypotension, 4 ^ 
Both verapamil and propranolol are particular 
useful for the treatment of atrial fibrillation cor 
cating hypertrophic cardiomyopath: y because t 
provide for both decreases in ventricular rate 
myocardial contractility. oe 
For the patient with acute hemodynamic dec 














































is immediate electrical cardioversion. When he 
namic consequences of atrial fibrillation a 
moderate, pharmacologic intervention 3 PE 
precede cardioversion. 2 
Wolff-Parkinson-White syndr È n 






























































in iene penetration of the accessory y path- 
al h action that tends to increase the ventricular 
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The dus of fret choice i in i this setting’ is li locaine in. : 
doses described above (see Ventricular Tachycardia). _ 


This intervention decreases conduction in the accessory _ 


pathway. If this is ineffective, the administration of _ 
procainamide is advised, in doses already cited (see. _ 
Ventricular Tachycardia). It usually decreases con- - 
duction in the accessory pathway. If neither of these 
drugs is effective, cardioversion should be considered. 
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Introduction 


A number of mechanical interventions are crucial in 
acute management of some cardiac emergencies. 
Ventilation, chest compression and countershock are 

. an integral part of cardiopulmonary resuscitation 


(CPR), and can help restore an effective circulation in 
-. many patients. Recent detailed guidelines! serve as a 
-~ Standard for performing CPR and training both pro- 
fessional and lay persons. This section is not intended 


_ to repeat such information, but to supplement it by 
ocusing on areas of importance, controversy and new 
knowledge. After reviewing these aspects of ventilation, 
chest compression and countershock, this section will 
review pacemaker therapy, circulatory assistance 
urgical interventions. These latter interventions 
> required in the subsequent management of some 
patients during the first few hours of emergency cardiac 
are. Only selected aspects of importance in each of 
these interventions will be discussed. 


Ventilatory Considerations 


: Decreased cardiac output from any cause reduces 
p . cerebral blood flow and may lead to alveolar hypoven- 


: Us tilation or apnea with further circulatory deterioration. 
. No-flow states lasting more than 60 seconds cause 


— myocardial ischemia and hypoxia that must be cor- 
rected to restore circulation.? Oxygen transport is a 
problem in resuscitation, with the myocardium an organ 
of highest priority. Supplementary oxygen, ventilatory 
support and monitoring are essential during any cir- 
culatory crisis. 


-Airway Obstruction 


=== . Airway obstruction may be due to relaxation of the 
|... soft tissues of the upper airway during central nervous 
system depression, foreign bodies, trauma or edema. 
mplete patency or obstruction is silent; partial ob- 
uction of large airways causes inspiratory stridor and 
ial obstruction of small airways causes expiratory 
eezing. As the level of consciousness changes with 
amulation, the patient may maintain airway patency 
le being examined, but have subsequent obstruction 
when unobserved. 
When the head of a patient with central nervous 
ys em depression assumes the neutral or flexed posi- 
à the base of his tongue rests against the posterior 
1geal wall and obstructs airflow into the trachea. 


illy be corrected by maximal backward tilt _ 


Ha more is “narded, ere should me = l oe be. inserted. befor 


erted behind the angles of the jaw m life i in 
maximal prognathic position.‘ Uus 

Foreign body airway obstruction: This con 
can cause sudden death, sometimes mistakenly t 1 


mended manual methods of ealieving forsign body. air- 
way obstruction (back blows, chest or abdominal 
thrusts, and finger extrication) are uniformly relia le 
Four back blows, if e with the victim’ S tors ir 


cation are ob the best approach. Tf agate nent | 
available, direct visualization and removal of the ot 
structing matter is more reliable. Currently, se 
states have statutes requiring that all establi: 
that serve food maintain on the premises a dev 
which an unskilled rescuer can relieve forei; | 
obstruction. Because no such device is of establish d 
value, it is impossible to comply with theselaws. 
Tracheal intubation: Immediate airway protection 
can be provided by an alert attendant who is competent 
to position the head and jaw properly and preventas- . 
piration by use of suction and the head-down positiot 
Therefore, many emergency situations may be: ade- 
quately managed without insertion of an artificial air- 
way. Tracheal intubation is not necessary as a first step 
in resuscitation and should not be an initial effort. 1 
establish a patent airway. Temporary protection 
provided by insertion of a cuffed endotracheal tube. In 
extreme emergencies, the oral route is usually choser 
The nasotracheal route is used under less extrem 
conditions or for special reasons. The endoscopist mu: 
be experienced with the technique and have the 
and equipment to CODE with the unexpected, n ET 


ration of ta heal intubation i is dependent o on tk 
of oar Lucus E 


than tracheal intubation: Open is strongly d 
about the effectiveness of the pase ect ax 


ventilation. Skill i is SA ou to mainte | 
mask on the paheni S face. dico f the 


the patient remains uncor i 








escuers Who ave rn amscribed skills and 
and resources of specialized equipment. A 
misconception is that insertion of one or more 
rough the cricothyroid membrane provides 
ncy airway. This is of very limited value be- 
e the lumen of any needle is inadequate for positive 
assure ventilation of an apneic patient and offers 
xcess resistance for spentaneous ventilation. 
"The following techniques have been of demonstrated 
ffectiveness: Cricothyrotomy may be performed with 
sterile knife and a tracheostomy cannula inserted and 
connected to a ventilation device.? Transtracheal jet 
insufflation may be performed through a 14 gauge cri- 
cothyroid catheter connected to a 50 PSI oxygen source 
controlled by a hand-operated valve.?!? High frequency 
jet ventilators connected to a cricothyroid catheter 
deliver very rapid small tidal volumes at low airway 
pressures. They provide adequate ventilation, prevent 
aspiration, and may reiieve obstruction of the airway 
: by foreign bodies.!! 


Ventilatory Support 


- Cerebral acidosis causes rapid shallow ventilation 
and respiratory alkalosis. Absence of coughing results 
in mucus accumulatior. Either causes hypoxemia. Ex- 
cessive tachypnea causes exhaustion, hypoventilation 
and apnea. Slow, deep ventilation is characteristic of 
narcctic depression or severe central nervous system 
damage. Arterial blood gas analyses reflect the status 
of ventilation for only a brief period before the sample 
ras drawn and are of little prognostic value. 

` Wide scale emergency ventilatory support became 
practical with the demonstration of the effectiveness 
f exhaled air as a resuscitative gas,!? and the superi- 
rity of mouth to mouth ventilation over the manual 
nethods.!? The current recommendation for two quick 
ull breaths without fuil exhalation may result in gastric 
istension and inadequate ventilation. This skill, re- 
ired for manikin certification, cannot be reproduced 
uman beings.!4 

rgencies are often mismanaged because of un- 
y or unskilled use of equipment. Pharyngeal 
ys may cause bleeding in the airway or precipitate 
ing and aspiration. Self-inflating bag-mask units, 

o avoid oral contact with the victim, deliver very 
idal volumes compared with mouth to mouth 
on, and they require considerable manual 
lowever, manually triggered demand valves 
D0 F reent o oxygen at high flow rates pend com- 











oe trations $ 0 


is limited. There i is some pc dh that. with certain Ü 


pud lor ides ed | tracheal. suction. P 











For delivery 
percent. a reservoir 
system.!5 




















































Chest Compression in 
Cardiopulmonary Resuscitation | 


Manual chest compression during cardiopul- 
monary resuscitation: This procedure should be 
performed as described in detail in the Standards and 
Guidelines for Cardiopulmonary Resuscitation and. 
Emergency Care! with 1.5 to 2.0 inches (3.81 to 5.08 cm) 
of sternal displacement at a rate of 60/min with 50. 
percent of each cycle being compression. Because a. 
duration of shorter than 50 percent compression is” 
significantly less effective, greater emphasis should be 
placed on the proper duration of compression, partic- 
ularly in CPR training. 

Mechanical chest compression devices: These 
devices are designed to imitate the appropriate manual 
techniques for chest compression. In general, chest 
compression is accomplished by the placement of a 
plunger or compressor against the lower third of the 
sternum of the supine patient. The patient is placed on 
a back support that is often attached to the compressor. 
The device exerts sufficient force on the sternum to 
compress the chest. The device usually includes auto- 
mated ventilatory support that can be included or ex- 
cluded as part of the overall CPR system. 119-21 

These devices offer the advantage in that, once 
correctly applied, they perform chest compression in 
a constant fashion. The few clinical research studies on | 
such devices suggest that they are equally effective but- 
not more effective than optimally administered manual 
compression.!? The consistency of mechanical perfor- 
mance of chest compression without the need for con- 
tinuous direct human monitoring or human perfor- 
mance, or both, has several additional advantages in 
some settings. If availability of trained personnel is 
limited, one person is essentially freed to participate in 
other life support measures. Crowding of personnel at. 
the site of resuscitation is reduced, which is of special _ 
advantage in the ambulance setting. In instances of . 
more prolonged resuscitation, physical fatigue, and. zi 
therefore suboptimal compression, is avoided. = 

Additional advantages in a general setting relate to 
the ease of performing other CPR procedures. Forex- 
ample, defibrillation does not require interruption of © 
chest compression, and better quality electrocardio- © 
graphic tracings can usually be obtained while using a . 
mechanical device. This device also has advantages in | 
some resuscitation settings when a patient is being . 
transported, in the cardiac catheterization laboratory ~ 
or other situations where the position of the patient may. 
not be optimal for the performance of manual chest . 
compression and where ‘space surrounding the patient- 











e time required o obtain i it may not be re- 

e: cept i in a resuscitation effort of exceptionally 

ration in which a favorable outcome is infre- 

\ second disadvantage of the device is its cost for 
:quipment and training. 

ent mechanical CPR devices may be employed 

following circumstances: (1) in sophisticated 

' or emergency care systems, or both, and 

ly during patient transportation, or when there 

significant space limitations; (2) when limited 

'umbers of trained personnel are available; (3) under 

conditions where manual chest compression is difficult 


e because of resuscitation fatigue. 


Experimental techniques: On the basis of recent 


| physiologic data from a number of laboratories a new 
. understanding of potential mechanisms available for 
. movement of blood during cardiopulmonary resusci- 


tation have been identified. In most human beings, the 
mechanism for movement of blood is likely through the 
eneral increase in intrathoracic pressure which can be 
rought about by chest compression, ventilation during 
hest compression, cough, abdominal pressure or 
nding or other manuevers.??-36 However, in a signif- 
nt fraction of patients, movement of blood is due to 
mpression of the heart itself. In general, the higher 

he intrathoracic pressure, the greater are the increases 
n carotid arterial blood flow during precordial com- 
pression. New techniques for increasing the effective- 
ness of perfusion during the arrested state have been 
- successfully applied to experimental animals and pilot 


_ trials have been undertaken in human beings. Experi- 
. mental devices that provide for simultaneous chest 
|: compression and ventilation at high airway pressure?? 
or ventilation that is timed to coincide with chest in- 
|. flation may prove to be useful. Abdominal bind- 


.' ing,?9-3235936 which increases intrathoracic pressure 
during. chest compression, appears to increase flow. 
levertheless, the clinical value of these new techniques 
and the risks of complication are as yet unproved; in- 
. deed, responsibility that such methods may ultimately 
| "prove to be detrimental cannot be dismissed. Accord- 
_ ingly, standard methods of precordial compression with 
pu sternal displacement should be continued at this 


Countershock 


| Appropriate paddle electrode placement: The 
electrocardiographic diagnosis of ventricular fibrillation 
is usually made with ease except that ventricular fi- 
brillation may occasionally masquerade as ventricular 
standstill or asystole.?" Therefore, if a low amplitude or 
flat line electrocardiogram is recorded in a patient in 
ardiac arrest, the electrocardiographic monitoring 
dle electrodes should be rotated 90° from the orig- 

il position before the decision is made not to defi- 

37 Because a critical ventricular muscle mass is 

rto sustain ventricular fibrillation?* it is not 


sitioning of one qun indeed] ther right. 
the right of the sternum and the other lateral 
nipple in the anterior dicen the lef i theor 


mental studies in animals « on ihe basis à p e h th 
option of electrode placement can be mandated. E 
Discharge energy current: 


depends c on the amount of resistance or sre en 
countered. 12.42 : 
P or the same amount of stored energy, the eh e 


heavy pressure on the prie and therefore the elec- 
trodes,5 and defibrillation that is timed with the. xX- 
piratory phase of the patient's ventilation.?! Optimal 
technique also includes the recommended paddle 
electrode position as described above. Care must be 
taken to avoid bridging of the current between paddle 
electrodes or ground because of excessive electrode gel, : 
urine, or other electrolyte-containing fluids. : 
Avoiding myocardial damage: Myocardial damage 
or necrosis occurs with high energy small-sized pad 
electrodes.?? Inadequate paddle electrode contact with 
the skin has the same effect as using inappropric e, 
small electrodes. The major problem with high ene 
defibrillation is damage to the pacemaker and c 
duction tissues of the heart. Very high energy shock 
may produce heart block or ventricular fibrillation. 
Evidence of myocardial damage in man was obtaine 
by measuring creatinine kinase MB isoenzymes dur 
elective cardioversion. The MB isoenzymes were m 
elevated in some patients who received a cumul: 
delivered energy dose of more than 425 joules ( 
seconds ).?* Gg 
Delivered energy for defibrillation: During 
past decade, there has been a major controvers' 
garding the importance of high energy for. 
tion.53-55.60 Defibrillators tested before 1972 ind 
a significant discrepancy between delivered ai 
cated energy. Defibrillators indicating 400 jo 
livered from 155 to 400 joules.*?9! Since 
put of defibrillators has increased and : 
brillators that nominally delive 


liver hew er 325 and 4 400. 








al De appre ; JO > ar 
ssful, the delivered energy “of ubusquent. shocks 
increased to 300 and then 360 joules. If the 
rt defibrillates but refibrillates, subsequent 
hocks should be at the same or even lower en- 


ing ef defibrillation: Defibrillation must not 
layed because the duration of fibrillation is directly 
rrelated with the severity of myocardial i injury at- 
butable to fibrillation itself. If fibrillation is wit- 
essed, especially i in monitored patients, the therapy 
-of choice is immediate defibrillation with 200 joules. If 
the heart has been arrested for some time, it is necessary 
to assure adequate vasoconstriction and provide ex- 
ternal chest compression for about a minute before 
defibrillation is likely to restore spontaneous cardiac 
function and return of effective circulation. 
=< Precordial thump: A precordial thump has been 
advocated as initial emergency therapy for witnessed 
. ventricular fibrillation in monitored patients. Those 
who advocate a precordial thump point to anecdotal 
reports of successful thump reversion of ventricular fi- 
brillation or asystole. However, there is evidence that 
: a precordial thump may convert ventricular tachycardia 
'to a sinus rhythm. Those who oppose its use point to 
.experimental evidence that it may produce ventricular 
fibrillation. If the patient has already collapsed and is 
: pulseless, the small chance of success is usually worth 























; -Blind defibrillation in a collapsed pulseless patient 
is warranted if electrocardiographic monitoring is not 
immediately available. 


Drug Therapy During Cardiac Arrest 


_ Experimental evidence indicates that appropriate 
drug therapy greatly : increases the effectiveness of re- 
-suscitation. Yet, in the absence of effective artificial 
-ventilation and circulation, no pharmacologic maneu- 
'ers are likely to resuscitate the patient. 


.are to increase peripheral vasoconstriction and to 
minimize the adverse effects of metabolic acidosis. The 
nereased peripheral impedance i increases diastolic ar- 
erial blood pressure, which improves coronary perfu- 
ion pressure during resuscitation. Peripheral vaso- 
striction also increases arterial pressure following 


portance i in restating g an arrested heart. As Aer oa as 
rx aie. and. Eren noted the E of 








< The objectives of drug therapy during cardiac arrest 
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e: s uk 1 ible ou ressure levels: "by TE 


the Sao " 
epinephrine is of importan B 1 3 
vascular resistance, there is a transient decrease in 
perfusion of most of the body but a substantial increase - 
in diastolic pressure.9697 Because coronary blood flow 
occurs during diastole in either the spontaneously 
beating or the arrested heart, the increased coronary > 
flow serves to improve myocardial oxygenation. In a 
recent experimental study on these issues, 99 when alpha 
adrenergic receptor blocking agents were administered 
together with epinephrine, resuscitation efforts failed 
whereas animals that received a combination of a beta 
adrenergic receptor blocking agent together with epi- | 
nephrine were uniformly resuscitated. 

Other cardiae stimulants: Drugs that have their 
principal effect by cardiac stimulation, such as isopro- 
terenol, dobutamine or calcium salts, may be useful for 
improving circulation after the heart has been restarted, 
but are regarded as useless during the period of cardiac 
arrest.96-7? Alpha receptor agonists, which unlike epi- 
nephrine have no significant inotropic effects but are 
potent peripheral vasoconstrictors, such as phenyl- 
ephrine or methoxamine, are as effective as epinephrine 
in restarting the arrested heart.19,66-75 

Mode of administration: There should be no delay 
in the administration of an appropriate dose of vaso- 
constrictor amines during resuscitation from either 
cardiac standstil! or ventricular fibrillation. Because the 
drugs act on the peripheral circulation, there is no ad- 
vantage of intracardiac over intravenous injection. In 
fact, when an endotracheal tube is in place and there is 
no ready access to an intravenous injection site, some 
drugs if diluted approximately 10-fold may be admin- . 
istered by way of the endotracheal tube. Drugs that may. 
be given by this route include epinephrine, phenyl- 
ephrine, methoxamine, atropine, lidocaine, naloxone 
hydrochloride and diazepam. The response after en- 
dotracheal administration is comparable in both onset _ 
and effectiveness with that of intracardiac or intrave- 
nous injection.?? Intracardiac injection should be used . 
only by physicians and as a last resort only when all 
other routes are unavailable. There is no evidence that . 
intracardiac injections are of themselves lifesaving, and — 
the routine use of this procedure should be aban- i 
doned. s 

Sodium bicarbonate administration: Two drugs, | 
sodium bicarbonate and calcium chloride, are often used 
in excessive doses during cardiopulmonary resuscita- - 
tion. In the absence of adequate tissue perfusion, an- - 
aerobic metabolism yields lactic acid and other acid 
metabolites that account for metabolic acidosis. After 
cardiopulmonary resuscitation became widely used 
(CPR), the early and generous use of sodium bicar- 
bonate was advocated on the assumption that reversal _ 
of acidosis would favor prompt restoration of cardiac | 
function. Indeed, large amounts of sodium bicarbonate. 
inistered to the exclusion of resuscitative - 

| . This use was in a part based | 





































' administration of bicar- 
nals prior to induction of 
ard T rs citation, that the pressor ef- 
tof catecholamines is reduced by acidosis (ischemia) 
xperimental animals and human patients, and that 
lves made hypotensive by infusion of hydrochloric 
normal pressure could be restored by infusion of 
im bicarbonate.7^-76 Experimentally, the suscep- 
-of the heart to ventricular fibrillation is in- 
by metabolic acidosis and this may be reversed 

ministration of sodium bicarbonate. 
quent investigations showed that the admin- 
istration of sodium bicarbonate as a single drug during 
S CPR did not restore cardiac contractility. Moreover, 
^ the administration of bicarbonate did not potentiate the 
- effect of suboptimal doses of epinephrine. In fact, 1 mg 
of epinephrine was found to be highly effective even in 
_ the presence of severe metabolic acidosis."? In addition, 
-reversal of metabolic acidosis was in itself contingent 
on successful cardiac resuscitation with restored tissue 

- perfusion. 


. The adverse effects of sodium bicarbonate include 
.~ hyperosmolar states, increased carbon dioxide tension, 
_ which parallels the increase in pH, a leftward shift of the 
-.. oxyhemoglobin dissociation curve with consequent 
impairment of oxygen release to tissues, and cerebro- 
-spinal acidosis.79-99 For these reasons, caution should 
.. . be exercised in the administration of sodium bicar- 
'.. bonate. Indeed, effective CPR in patients who did not 
- . previously have acidosis, and especially adequate ven- 
lation, typically delays the onset of acidemia for the 
first 5 to 10 minutes or longer.?? In fact, progressive 
-> respiratory alkalosis initially develops in animals during 
-= experimental cardiac resuscitation after induction of 
|. . ventricular fibrillation.?! In patients who have primary 
_. ventricular fibrillation, the routine administration of 
|." sodium bicarbonate is not advised except if CPR is 
unduly protracted and acidemia is confirmed by blood 
gas analysis. 
In some patients, cardiac arrest may follow the onset 





































_- subsequent doses should be based on blood gas deter- 
—minations. If blood gases are unavailable, half of the 

initial dose may be administered on an empirical basis 

. at intervals of 10 to 15 minutes until cardiac arrest has 
- been reversed.? 


If ventricular fibrillation develops i in a monitored 
.. patient, the treatment of choice is immediate defi- 
|. brillation. If the arrest caused by ventricular fibrillation 
|. is not witnessed, external chest massage and assisted 
- ventilation is begun and epinephrine, 1 mg, or 
nethoxamine, 20 mg, is injected intravenously or di- 
uted 10:1 and administered by way of the endotracheal 
ube. Sodium bicarbonate should be administered 
vithout objective evidence of metabolic acidosis by 
lood gas analysis only if there is a significant time delay 









jatient's underlying medical condition or prior 
g measurement t supgésts: Briones | 





: : of metabolic acidosis. Sodium bicarbonate in an initial 
dosage of 1 mEq/kg should then be administered and: 


n the onset of arrest and initiation of CPR or if 





long bese: ers to increase the force. of n | s 
contraction.®? Because of its integral role in m: 
excitation-contraction coupling,®384 it has been 
tulated that this ion may restore electrical rhytl 
some instances of ventricular standstill.? Howeve 
are few experimental data to support this posti 
The doses of calcium salts that are convention: 
ministered may increase serum calcium to abnort 
high concentrations.9997 After administration of 5 
of 10 percent calcium chloride, when administered : 
an intravenous bolus during cardiac arrest, serum cal 
cium levels ranged from 12.9 to 18.2 ml/dl with a mean 
serum calcium concentration of 15.3 at 5 minutes anı 
11.2 at 10 minutes.96 In patients who are digitalized 
increases in serum calcium are especially hazardous. 

For these reasons, calcium should be rarely used 
After administration of large volumes of citrated bloo: 
or in patients in whom cardiac arrest is associated wit - 
hyperkalemia, use of calcium is advised. However, there _ 
is no evidence favoring its routine use on the assumption _ 
that it will reverse asystole or idioventricular- 
rhythms. - 


Emergency Support of the Bradycardiac Heart? _ 


Mechanism: Syncope may result from vasovagal | 
reactions that produce profound bradycardia. In that _ 
instance, the mechanism is sinus bradycardia rather | 
than heart block. Elevating the legs and parenteral in- | 
jection of 0.5 to 1.0 mg of atropine may be of value. Sinus _ 
arrest and intermittent or fixed complete heart block 
with periods of asystole and syncope are medical 
emergencies. ‘They are frequent causes of morbidity and : 
mortality without electrical cardiac pacing. ENG 

Temporary cardiac pacing: During cardiac resus- 
citation both profound and unstable states of brady- 
cardia are observed. The goal of therapy is to assurean 
adequate heart rate by transcutaneous electrical stim- _ 
ulation,?! or percutaneous transthoracic or transvenous - 
pacing. The simplest and oldest technique is that of 
transcutaneous external stimulation. Its major virtues - 
are ease and speed of application, by personnel who - 
require minimal training. The two electrodes, placed to - 
the right and left of the cardiac border, are held in po- - 
sition by a rubber strap. An output voltage of 50 to 150 : 
volts is required to sustain a cardiac rhythm. Unfortu- - 
nately not only the heart, but also the entire pector: 
and upper abdominal musculature contracts. With e 
electrical pulse, the procedure may be extremely pain 
and both sedation and restraint may be required 
patients who are not comatose. Nevertheless, the 
cedure may be lifesaving. It should be replaced 
transvenous pacing as soon as it is feasible. The te 
nique of transcutaneous stimulation of the heart 
herently unstable and useful only for the brief« 
periods. 

Isoproterenol: Isoproterenol, given. intraven: 
at a rate of 2 to 20 — is titrated: accordi ngt 
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dingly,. continuous eletrocardiographi monitoring 
mandatory? Because this technique requires ex- 
ordinary commitment of the bedside staff, it must 
ye replaced rapidly by the more effective and safer 
nique of direct cardiac electrical stimulation (re- 
rts of Task Force II ard IV). 
Percutaneous transthoracic pacing: When the 
insvenous route is no£ feasible or is unsuccessful, 
lercutaneous transthoracic pacing has been used in 
me centers. 94 This is rarely necessary. Its risks include 
coronary arterial laceration, myocardial injury and 
contusion, pericardial tamponade, pneumothorax and 
arrhythmias. Even when successfully placed, the 
_ transthoracic pacing probe is an unstable device and 
very frequently followed by loss of capture or failure to 
sense even though the patient is immobilized. The probe 
s almost invariably disiodged during manual cardiac 
- compression. For these reasons, transthoracic cardiac 
_ pacing should be abandoned. 
_.. Transvenous cardiac pacing: The standard and 
- most widely used technique for temporary cardiac 
. pacing is the transvenous approach.” Those skilled in 
cardiac catheterization techniques may surgically ex- 
pose the basilic vein at the elbow. This is not a preferred 
technique because of the difficulty sometimes en- 
countered in advancing the pacing catheter into the 
thorax. This approach for practical purposes requires 
fluoroscopic control. Pacing wire placement after direct 
puncture of the left or right subclavian vein is pre- 
ferred.?6?7 A large number of commercially available 
__ kits provide the supplies necessary including a sterile 
_ needle and cannula, catheter electrode and connector 
x for an external pulse generator. However, the technique 
. isto be used only by physicians skilled in its use. Com- 
_ plications of subclavian puncture include pneumotho- 
. rax and, very rarely, intrathoracic bleeding. Once the 
subclavian vein has been entered, the needle is with- 
drawn and the semifloating, flow-directed bipolar 
lectrode is positioned by electrocardiographic control 
tilizing lead 1 or the V lead of a well grounded elec- 
rocardiograph. The intracardiac electrocardiogram 
aay be used to identify each chamber.98 Once a typical 
ight ventricular position is found, a satisfactory 
hreshold should be determined, and pacing is initiated 
approximately twice threshold. The lead should be 
ured to the puncture site, with the tip serving as the 
ode and the proximal electrode as the anode. When 
ensing and pacing electrodes are satisfactorily placed, 
porary transvenous pacing may be used for several 
s. or even longer with careful attention to asepsis.% 
'hest X-ray film should be routinely obtained after 
d placement.!° 
. Alternative transvenous routes include direct sur- 
cal cutdown on the external jugular vein, the cephalic 
ein at the shoulder, or iss i be eed vd the nora 
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can support the failing heart. The f following comments | i 


are directed to those that may be considered in certain — 
cardiac emergencies. 

MAST: Military antishock trousers (MAST) can be 
used for compression of the abdomen or legs, or both, 
to mobilize blood and serve as an autotransfusion. In- | 
flatable bladders between layers of material wrapped - 
around the legs and lower abdomen and fastened with 
Velcro? can provide continuous pressures up to ap- 
proximately 100 mm Hg. This intervention is primarily 
for the treatment of hypovolemic shock. Most patients 
with cardiogenic shock have high cardiac filling pres- 
sures. In these cases, MAST may increase the cardiac 
preload and thereby increase the risk of heart failure. 
Dyspnea is aggravated by the mechanical restraints to 
thoracic movement impaired by the MAST garment. 
However, some cases of cardiogenic shock are benefited 
by an increase in filling pressures and preload, and ar- 
terial pressure may be measured by the peripheral 
compression.!9? Compression may then be released after 
intravascular volume has been expanded by intravenous 
infusions. The use of the upper portion of the MAST 
suit for abdominal binding during CPR is not of proved 
benefit and may be deleterious. 

External counterpulsation: External compression 
when synchronized to the electrocardiogram produces 
diastolic arterial pressure augmentation. Clinical modes - 
of external counterpulsation, applied to only the legs, — 
have utilized positive pressure pulses from 150 to 200 | 
mm Hg without systolic suction. The primary hemo- 
dynamic effects have been an increase in peak diastolic. 
arterial pressure and an increase in cardiac output. 
However, there has been little change in left ventricular 
systolic pressure or filling pressure. 

Beneficial effects have been claimed for patients with 
shock!94 and chronic angina,! with a possible reduc- 
tion in mortality when external counterpulsation is used 
for management of patients after myocardial infarc-. 
tion.!96 However, this is convincing evidence that for the . 
treatment of cardiogenic shock, a reduction of left - 
ventricular systolic and filling pressures is desirablein . . 
addition to increases in cardiac output and diastolic 
arterial pressure. In patients with myocardial ischemia, — 
a reduction of left ventricular preload may also be de- 
sirable. Available data do not support the hypothesis. 
that external counterpulsation reverses myocardial 


ischemia.!?7 Routine clinical use can not be currently _ 


justified, and practical issues in addition to efficacy i ar 
patient discomfort and equipment cost. 


Intraaortic Balloon Pump 


The intraaortic balloon pump is the circulato 
sist device of choice. During 15 years of use, 










c output, and reducing left 
e. The percutaneous route of 
Be 1as b wn to be as effective as the sur- 
ca technique and has largely replaced the surgical 
technique i in the management of the emergency cardiac 
tient. The complications of aortoiliac trauma during 
rtion are reduced by modification of the technique 
ong sheaths and wire guiding. Potentially serious 
ations include acute limb ischemia (secondary 
r femoral arterial stenosis), arterial thrombosis 
ly in patients with small vessels, low flow states 
ontraindications to anticoagulant agents); in addi- 
-~ tion, there are risks of bacteremia, embolization and 
2 . platelet depression, especially after prolonged 
pumping. 
- Unstable angina pectoris: First order management 
includes a maximal medical program of nitrates, beta 
adrenergic blockade, and blood pressure control. Cal- 
- eium antagonists may further improve current options 
of medical management. The intraaortic balloon pump 
can be effective when the medical program fails. More 
than 80 percent of patients with medically resistant 
angina associated with S-T segment depression have 
complete relief of pain.!9? Patients with recurrent S-T 
|J. |. segment elevation present a more complicated problem. 
. . Àfthe cause is high grade spasm with mild or moderate 
".. underlying coronary artery disease, then the preferred 
therapy will probably be administration of calcium 
.. channel blocking agents. If the cause is high grade fixed 
- stenosis with mild underlying spasm or platelet plugging 
(preinfarction syndrome) then the intraaortic balloon 
pump is effective; it appears capable of stabilizing flow 
through high grade lesions while lessening subendo- 
cardial ischemia by decreasing the work load on the 
heart. 
Myocardial infarction with shock: The majority 
of patients with myocardial infarction are appropriately 
. Inanaged with standard medical therapy. Use of the 
. . intraaortic balloon pump in these patients for reducing 
| the severity of myocardial injury and for reducing in- 
^. farct size is as yet of unproved value and must be re- 
garded as experimental? The most effective and 
predictable results, in addition to those achieved in 
patients with angina unresponsive to drug treatment, 
are achieved in patients with subendocardial infarction 
with S-T segment depression. Effects of intraaortic 
. balloon pumping on transmural infarction are less 
--.. predictable and may be contingent on the blood supply 
^ to the infarcted zone. In the setting of acute myocardial 
=~ infarction and continuing ischemia, the intraaortic 
balloon pump may also be effective for controlling ar- 
- rhythmias unresponsive to standard anti-ischemic and 
intiarrhythmic therapy. 
. Cardiogenic shock: Medical therapy including use 
inotropic agents and vasodilator drugs has generally 
ineffective for the treatment of cardiogenic shock. 
ih patients with this condition that intraaortic 
loon pumping is an appropriate intervention pro- 
led that the patient is is a a candidate for ipae treat- 
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hemodynamic defects of themselves propaga 
tional ischemic injury and the shock syndrome. O 
hemodynamic interventions at this stage a re tc 
left ventricular systolic pressure and increase c 
perfusion pressure. If intraaortic balloon pump t 
is instituted early enough to control the sprea: 
farction beyond a critical level of approxim 
percent of the left ventricular myocardium, the outei 
is improved. Early use of the balloon pump will reve 
the shock syndrome in about 70 percent of 
tients. 09.111 Nevertheless, the problems of infarc 
tension and recurrent ischemia usually reappear wł 
the pump is withdrawn. Therefore, angiographic eva 
uation and early surgical intervention may be the oni 
options for survival. : 
Cardiogenic shock that appears after a complicatie 
that increases the mechanical work load of the hear 
after infarction is also controlled by the intraaorti 
balloon pump. This applies to both papillary musel 
dysfunction and rupture and to perforation of th 
ventricular septum.!!? Counterpulsation “unloads” th 
left ventricle and "supports" arterial pressure as in other _ 
cases of “pure” cardiogenic shock; however, patients _ 
with this condition usually remain “balloon- -depen | 
dent,” and their survival is contingent on surgical repair 
of one or more mechanical defects, often combined wit. 
coronary bypass grafting. cuu d 
Survival of patients with "pure' ' cardiogétiis; she vek - 
who are maintained with the intraaortic balloon pump. | 
is about 50 percent. In patients with cardiogenic shock - 
followed by surgical intervention who have ventricular | 
septal rupture, the survival rate is contingent on the 
location of infarction; the rate is lower in patients with | 
inferior infarction because it is more difficult to repair _ 
acquired defects in the septum.!!? Survival after mitral | 
valve replacement for papillary muscle rupture depends | 
on the extent of the underlying infarction.!!4 s 
Contraindications to intraaortic balloon pump- 
ing: Since the effects of the intraaortic balloon pump _ 
depend on strong pulse generation within the aorta, - 
neither aortic insufficiency nor high output shock states - 
such as septic shock are effectively treated with in- - 
traaortic balloon pumping. Advanced age (more than | 
75 years) is a relative contraindication depending on th 
extent of atherosclerosis, complicating disease and de 
bility. Patients with previous infarction who ha 
symptoms of congestive failure or low output state b be 
fore the onset of acute infarction and shock seld 
survive. Patients in protracted and severe cardioge 
shock, who are likely to have had extension of infa 
size before intraaortic balloon pumping, are not : 
vaged. Finally, aortoiliac peripheral vascular dise 
with diminished femoral pulses and femoral bruits. 
not candidates for elective intraaortic balloon pumpi 
Although the balloon catheter may be successf 
serted and advanced within the thoracic aorta 
patients there is a high risk of limb ischemia 
grene. "E M 
Technical considerations: Tbe pe d 
lloon pump should bei inse en 4 dbya a 
















































































































cid and electrocardiographic oninia by 
nical specialists trained in the operation of the in- 
aaortic balloon pump. A backup console should be 
ept in: readiness together with access to clinical engi- 
TS. who are qualified in the servicing of the equip- 
nt. A vascular surgeon should be available as a con- 
tant in the event of complications. 

Transfer of patients: Patients with refractory an- 
ina may be transferred to another facility for in- 
traaortic balloon pumping and angiography provided 
- that they are carefully monitored enroute. When the 
.. condition of the patients is stabilized on the intraaortic 
* balloon pump, they may be transferred to another 
medical facility in specialized ambulances for angiog- 
aphy and cardiac surgery. The transfer of a patient in 
E: ardiogenic shock for insertion of an intraaortic balloon 
pump is a high risk but such a transfer is justified 
. especially when the patient is attended by a physician 
- who has responsibility for intravascular monitoring and 
pharmacologic support (using battery-operated infusion 
pumps). 

|» Future developments: Newer techniques of in- 
farction control by streptekinase infusion!!? may reduce 
the incidence of cardiogenic shock. Coronary bypass 
| surgery and percutaneous coronary angioplasty also 
_ have some promise as emergency interventions. In- 
« traaortic balloon pumping may provide circulatory 
. support during the unstable period of reperfusion. 
— However, these interventions are currently viewed as 
_ experimental. 


Emergency Surgical Interventions 


- Coronary arterial bypass: After the introduction 
_ of coronary arterial bypass surgery for the treatment of 
_ ischemic heart disease, immediate coronary artery by- 
_ pass surgery for “unstable” angina pectoris was widely 
performed. With improvements in medical therapy, 
however, the number of patients who are candidates for 
emergency surgical intervention has been curtailed. For 
patients who have left main coronary arterial stenosis 
exceeding 70 percent of iuminal diameter and patients 
with unstable angina, emergency coronary bypass sur- 
ery is an appropriate intervention. 

he role of coronary arterial bypass after acute 
cardial ooren is not yet early defined. Pa- 
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buy or dilation i is success ul: or the majority ofap- 
propriately selected patients, the procedure may be 
followed by acute ischemic injury. Such a complication 
would require immediate surgical intervention to pre- 
serve the viability of the involved myocardium.!?9.121 

Emergency coronary arterial bypass surgery may 
also be required for patients in whom emergency cardiac 
surgery is performed for control of mechanical lesions 
after acute myocardial infarction.!??-174 

Valve replacement: In patients in whom acute 
enocarditis causes hemodynamically significant valve 
regurgitation, valve replacement would optionally fol- 
iow adequate antibacterial therapy.!?9-129 However, 
when an acute overload is imposed on the heart asa - 
result of the massive valve regurgitation, and conven- 
tional medical therapy does not control the hemody- 
namic crisis, the immediate survival of the patient may 
be threatened long before adequate antibacterial 
therapy is completed. Accordingly, emergency valve 
replacement may be necessary. Fortunately, the inci- 
dence of reinfection of a newly implanted valve under 
these conditions is not great. 

In instances of acute and severe traumatic valve 
regurgitation, mitral regurgitation from rupture or 
malfunction of the papillary muscle, or rupture of the 
ventricular septum with congestive heart failure un- 
controllable by medical therapy, immediate surgical 
correction may be required. 120-134 

Malfunctioning prosthetic valve with or without 
infection should be replaced as soon as possible. There 
is risk that the valve may be stuck in either the open or 
the closed position, which may be an immediately fatal 
complication.195.136 

Aortic dissection: Emergency repair of aortic dis- 
section may be indicated for treatment of patients with 
uncontrolled congestive heart failure, intrapericardial 
or intrapleural bleeding and compromised visceral 
perfusion.!?7 Even without these complications, a large 
number of patients succumb suddenly during the first 
hours or days after the onset of the dissection, especially 
when the ascending aorta is involved. Surgical repair 
during the acute period of dissection is usually not more 
difficult than in the subacute or even chronic period. 
Accordingly, early surgical treatment of dissecting an- 


eurysms that involve the ascending aorta is ad- — 


vised, 138-140 | 
Penetrating cardiac trauma: Penetrating injuries — 
to the heart usually present with intrathoracic bleeding. 
or cardiac tamponade. Repletion of the blood loss and  . 
very prompt surgical repair of the cardiac wound are... 
advised. Blood drained from the thoracic cavity may be & 
autotransfused. 141.142 mut 
Pericardiocentesis after cardiac trauma wher signa.” 
of cardiac tamponade are observed is likely to result. 
in hemodynamic improvement. However, initial im- 
provement may be short-lived. Acc ingly, pericar- ^ 
ating blood vol- x 





























tions ut hat precede but do 
greater safety of surgical 
ig spate and repair of the car- 





í | e of patients hs have sustained a 
'trating injury to the heart and appear unre- 
sive and without vital signs on admission is a 
wersial issue. Because the majority of patients 
enetrating cardiac trauma are young and have on 

sion completely recovered after vigorous resuscit- 
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High blood pressure is no longer only a problem of worldwide in- 
terest and relevance. It is now one in which the knowledge base 
has exploded to the point where the informed physician can do 
more and more about it in his daily practice. . . and can apply, to 
an ever-increasing extent, more sophisticated and individually 
tailored therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind of vital 
knowledge within instant reach of the physician. It presents a 
carefully selected array of discussions by 85 eminent specialists. It 
deals in depth with recent breakthroughs in understanding, diag- 
nosing, and treating this problem. 


The book is conveniently organized for effective consultation and 
reading. 
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Hypertension, with Special Reference to Patients with Low Renin Values 
28 Prazosin: An Alpha Adrenergic Blocking Agent in Treatment of 
Hypertension 29 Antihypertensive Effectiveness of Propranolol: Role of 
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Drugs such as Propranolol 
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in Hypertensive Patients 33 AngiotensinBlockade:Its ClinicalSignificance 
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Overcomes the limitations of sublingual, 
oral and topical nitrates. 


"Sublingual —A short duration of action (approx- Nitro-Dur is the first transdermal nitroglycerin to offer 
imately 12 minutes) limits sublingual nitroglycerin precision in dosing, elegance and patient security. In 
to use in an acute attack or prophylaxis in an anticipated contrast to other nitrates, Nitro-Dur is also easy to apply 
stress situation. and effective for 24 hours. 


Nitro-Dur™ (nitroglycerin) Transdermal Infusion 
System provides protection continuously for 24 hours, 
even during an unanticipated stress situation. 


Nitroglycerin therapy is contraindicated in patients with 
increased intraocular pressure. Symptoms of hypoten- 
sion may be due to overdosage. If hypotension occurs, 


Oral—Protection is unreliable with oral nitrates, the dosage should be reduced. In terminating treatment, 
since the drug is metabolized on the first pass through the dosage must be gradually reduced over a 4 to 6 
the liver. week period. 


Nitro-Dur is absorbed into the venous system 
through the skin, thereby avoiding first-pass inactivation. 


Topical—Nitroglycerin ointments have a duration of 
action that ranges from 4 to 8 hours. 
But dosing with an ointment is difficult, messy, 
imprecise and subject to patient error. Dose-to-dose 
_ variations are unavoidable. 
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unique method of delivering nitroglycerin. 


Nitro-Dur contains nitroglycerin in a gel-like matrix 
attached to an adhesive bandage. It is available in two 
dosage strengths: 10 and 20 cm’. 
__ When Nitro-Dur is applied to the skin surface, the 
drug diffuses through the skin at a constant rate. The 
process is continuous, providing a steady, predictable 
low of nitroglycerin from the matrix to the skin and 
inally into the blood. 

.. In bioavailability studies," transdermal absorption of 
Vitroglycerin from the Nitro-Dur matrix achieved steady- 


* | TM 
state venous plasma levels and maintained these levels i 
or 24 hours. For each square centimeter of matrix, T | 
litro-Dur delivers approximately 0.5 mg of nitroglycerin (ni D OG VCOLr In) 
ae pe rate-limiting barrier of the skin, the stratum Tr ieri inse Sen 





Please see next page for a summary of prescribing information. 
*Data on file, Key Pharmaceuticals, Inc. 


© 1982 Key Pharmaceuticals, Inc. 
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t] Unlike EA 

<- nitroglycerin, Nitro-Dur™ 
(nitroglycerin) provides 

- ^ protection for 24 hours. 










































must be clean and dry. 


-the bandage. 


 Nitro-Dur" (nitroglycerin) 
Nansdermal infusion System 





: DESCRIPTION: The Nitro-Dur Transdermal Infusion 

- System contains nitroglycerin in a gel-like matrix 
composed of glycerin, water (purified), lactose, poly- 
:uinyl alcohol, povidone and sodium. citrate to provide 
-A continuous seurce of the active ingrecient. Nitro-Dur 
ilable in 5 dosage sizes: bcm*, 10em?, 15cm, 

20cm; and 30cm?, containing 26 mg, 51 mg, 77 mg, 
104 mg and 154 mg of nitroglycerin, respectively, 
heren, providing precise dosing levels of nitroglycerin. 
tro-Dur has a rated release in vivo of approximately 
0.5 mg/cm?/24 hours. Each unit is seaied in a poly- 
ster-foil-polyethylene laminate. The bandage portion 
consists of a medical grade non-woven, heat sealable, 
oporous tape. 


INICAL PHARMACOLOGY: When the Nitro-Dur sys- 
em is applied to the skin, nitroglycerin is absorbed 
continuously through the skin into the systemic circula- 

ion. This results in active drug reaching the target 
organs (heart, extremities) before oe ‘vation by the 
iver: Nitro ogiycerin i js a smooth muscle relaxant with 
vascular effects. manifested predominant! by venous 
dilation and pooling. The major beneficial effect of 
nitroglycerin i in angina pectoris is a reduction in myo- 

rdial oxygen consumption secondary to vascular 
mooth muscle ad afe with resultant reduction in 





[] Unlike oral nitroclvcerin, 


Easy and convenient 


|. 4. Apply Nitro-Dur to the upper arm or a hair- 
- free portion of the chest. The area selected 


z 2. Allow Nitro-Dur to remain in place for 24 
hours. Showering is permitted while wearing 


PRECAUTIONS: Symptoms of hypotension, such as 


Rer oad In recent years there has. 
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C] Unlike nitroglycerin 
ointment, Nitro-Dur is easy 
to apply and provides 
precise, reproducible dosing. 


Simple to titrate. 


Nitro-Dur avoids first-pass 
inactivation. 


Titration should be in increments of 5 cm*. Re- 
lief of anginal symptoms and/or reduction of 
sublingual tablet usage should be indicators in 
determining a patient's optimal therapeutic level. 
With Nitro-Dur, there is no need to titrate to 
headache. 


Dur 


(nitroglycerin) 


Transdermal Infusion System 





acute anginal attacks. For this purpose. occasional use 
of sublingual nitroglycerin may be necessary. 
ADVERSE REACTIONS: Transient headache is the. most 
common side effect, especially when higher doses of the 
drug are administered. Heacaches shouid be treated with 
mild analgesics while continuing Nitro-Dur therapy. If head 
ache persists, the Nitro-Dur dosage should be reduced. 
Adverse reactions reported less frequently include - 
hypotension, increased heart rate, faintness, flushing, 
dizziness, nausea, vomiting, anc dermatitis. Except 
for dermatitis, these inus are attributed to the 
pharmacologic effects of nitroglycerin. However, they 
may 5e symptoms of overdosage. When they persist, 
the Nitro-Dur dosage should be reduced or use of the 
product discontinued. 
HOW SUPPLIED: Nitro-Dur Transdermal Infusion 
System, 5cm?, 10cm?, 15cm?, 20cm? and 30cm?, 
is available in unit dose packages of 28 and 100. 
CAUTION: Federal law prohibits dispensing without a 
prescription. 
PATIENT INSTRUCTIONS FOR APPLICATION: Patient 
instructions are furnished with each unit dose package... 


For complete prescribing information, please sée 
package insert. PEN 
‘Data on file: Key Pharmaceuticals, Inc. 02 


been an increasing recognitios of a direct vasodilator 
effect of nitroglycerin on the coronary vessels. 

In bioavailability studies,” transdermal absorption of 
nitroglycerin from the gei- -Jike:matrix achieved steady 
state venous plasma levels comparable to that of 
sublingual nitroglycerin and maintained these levels 
for 24 hours. Therapeutic e*fect is achieved within 
30 minutes after a of the unit, and persists 
about 30 minutes after removal of the unit. 
INDICATIONS AND USAGE: Prevention and treatment of 
angina pectoris due to coronary artery disease. 
CONTRAINDICATIONS: Intoie:ance of organic nitrate 
drugs, marked anemia, increased intraocular pressure 
or increased intracranial pressure. 

WARNINGS: The Nitro-Dur systern should be used 
under careful clinical and/or hemodynamic monitoring 
in patients with acute myocardial infarction or con- 
gestive heart failure. 

in terminating treatment of anginal patients, both the 
dosage and frequency of apal:cation must be gradually 
reduced over a period of 4 to 5 weeks in order to 
prevent sudden withdrawal “eactions, which are charac- 
teristic of all vasodilators in the nitroglycerin class. 


faintness, weakness or dizziness, particularly ortho- 
static hypotension, may be due to overdosage. if 
during the course of treatment these symptoms occur, 
the dosage should be reduced. 

Nitro-Dur is not mendes for use in 1 the treatment of 
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The patient-preferred 
once- or twice-a-day 
dual-control-mechanism 
—. JO-mEq wax-matrix slow-release 
potassium-chloride tablets 


Klotrix 


(potassium chloride) 


Slow-release tablets, 10 mEq 


It can change 
your patients mind 
about KCl 


supplements! t 
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DESCRIPTION KLOTRIX is a film-coated (not anteric-coted tablet containing 750 me aen 
i chloride Pana to 10 mEq) in a wax matrix. This formulation is intended to provide a 
- controlled release of potassium from the matrix to minimize the likelihood of producing high 
. localized concentrations of potassium within the gastrointestinal tract. 
- INDICATIONS— BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
— BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
Li SHOULD BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE 
LIQUID OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 
- ISA PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis; in 
: -digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 
. 2. For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 
- following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
i hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function; 
j - potassium-losing nephropathy, and certain diarrheal states. 
3. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 
tension is often unnecessary when such patients have a normal dietary pattern. Serum potassium 
- should be checked periodically, however, and, if »ypokalemia occurs, dietary supplementation 
pn potassium-containing foods may be adequate to control milder cases. In more severe cases 
lementation with potassium salts may be indicated. 

NTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 
ratti in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 
the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
tration of a potassium-sparing diuretic (ag, spironolactone, triamterene). 

-. Wax-matrix potassium chloride preparations have produced esophageal ulceration in certain 
d - cardiac patients with esophageal compression due to enlarged left atrium. 
Mi Solid dosage forms of potassium supplements are contraindicated in any patient in whom there 
l is cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 
supplementation should be with a liquid preparation. 
_ WARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
- administration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 
- commonly in patients given potassium intravenously but may also occur when given orally. Poten- 
- tially fatal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
- patients with chronic renal disease, or any other condition which impairs potassium excretion 
_ requires particularly careful monitoring of the serum potassium concentration and appropriate 
- dosage adjustment. 
Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
- concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
- tone or triamterene), since the simultaneous administration of these agents can produce 
- Severe hyperkalemia. 
. Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 
— lesions of the smal! bowel and deaths. These lesions are caused by a high localized concentration 
of potassium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and 
_ thereby produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formu- 
- lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
- bility of a high local concentration of potassium ion near the bowel wall. While the reported 
- frequency of small-bowel lesions is much less with wax-matrix tablets (less than one per 
3 100,000 patient-years) than with enteric-cozted potassium chloride tablets (40-50 per 100,000 
patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 
h tries and in the United States. In addition, perhaps because the wax-matrix preparations are not 
. enteric-coated and release potassium in the stomach, there have been reports of upper gastroin- 
- testinal bleeding associated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately 
- and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal 
E distention, or gastrointestinal bleeding occurs. 
- Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 
alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. 
[E PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in a 
patient with a clinical history suggesting same cause for potassium depletion. In interpreting the 
. Serum potassium level, the physician should bear in mind that acute alkalosis per se can produce 
P -hypokalemia i in the absence of a deficit in total body potassium, while acute acidosis per se can 
-increase the serum potassium concentration into the normal range even in the presence of a 
^ - reduced total body potassium. Treatment of potassium depletion particularly in presence of cardiac 
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FROM THE EDITOR 








Brief Reports 


Few major medical journals today have room for lengthy 
case reports. 'Doctoring," however, comes down to a 
single patient, and often principles of disease and ideas 
for large studies come from ideas conceived from study 
of only 1 patient. Therefore, | am instituting a "Brief Re- 
ports" section in the Journal which will include case 
studies of only 1, 2, or 3 patients (see page 658 in this 
issue). * 

Usually case studies have only 1 point, and information 
not pertinent to that point is unnecessary. Indeed, unnec- 
essary words and nonessential details actually prevent 
clear focus on the point. Thus, these ''Brief Reports” must 
be brief—no more than 2 or 3 double-spaced typed pages 
with few references. Reports only 1 page long probably 
will be favored over those 3 pages long. Pertinent illus- 


* The originator of the brief case report was Dr. Jesse Edwards, who 
provided a nice justification of its usefulness in an editorial 20 years 
ago (Edwards JE. A new look for the case report. Circulation 1972; 
25:277). 
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Frequent and complex forms of PVCs 
sharply increase the risk of sudden 
cardiac death (SCD) in patients with 


Ischemic heart disease, especially in the 
presence of left ventricular dysfunction.'? 





To reduce the risk of 
potentially fatal arrhythmias 
in such patients 


QUINAGLU 


quinidine gluconate 


* If initially tolerated, can usually be taken successfully 
over long periods 3 








DURA-TABS* 


* Demonstrated by programmed ventricular stimulation 
to be effective in accepted "standard" doses ^ 


* BID or TID dosage helps improve compliance while 
providing 24-hour antiarrhythmic activity. 


- Asarule, GI toxicity associated with quinidine 
gluconate is less frequent and less severe than that 
associated with quinidine sulfate.” 5 


References: 1. Lown B, Podrid PJ, Graboys TB, et al: Curr Probl Cardiol 4:13-14, 1980. 2. Schulze 
RA Jr, Strauss HW, Pitt B: Am J Med 62:192-199, 1977. 3. Pine MB, Aronow WS: Ration Drug Ther 
14:1-5, 1980. 4. Kastor JA, Horowitz LN, Harken AH, et al: N Engl J Med 304: 1004-1020. 1981. 

9. Podrid PJ: Patient Care 15:100-132, 1981 


Please turn page for brief summary of prescribing information. 
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INDICATIONS AND USAGE: Quinaglute (quinidine gluconate) Dura-Tabs 
are indicated in the tion and/or treatment of: 

1. Ventricular ai Jas: Premature ventricular contractions, ven- 
tricular tachycardia (when not associated with complete heartblock). 

2. Junctional (nodal) arrhythmias: A-V junctional premature com- 
plexes, paroxysmal junctional tachycardia. 3. Supraventricular (atrial) 
arrhythmias: Premature atrial contractions, paroxysmal atrial tachy- 
cardia, atrial flutter, atrial fibrillation (chronic and paroxysmal). 
CONTRAINDICATIONS: 1. Idiosyncrasy or hypersensitivity to quinidine. 
2. Complete A-V block. 3. Complete bundle branch block or other severe 
intraventricular conduction defects, especially those exhibiting a marked 
grade of QRS widening. 4. Digitalis intoxication manifestec by A-V 
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may be preceded by a progressive reduction in the degree of A-V block toa a multidisciplinary approach to the latest, most 
1:1 ratio resulting in an extremely rapid ventricular rate. This possible : i aha 

hazard may be reduced by digitalization prior to administration of quinidine important information on the state- of-the- 

2. Recent reports indicate that plasma concentrations of digoxin increase n 

and may-even double when quinidine is administered concurrently. Patients art of cardiovascular medicine and su rgery 


on concomitant therapy should be carefully monitored. Reduction of 
digoxin dosage may have to be considered 
3. Manifestations of quinidine cardiotoxicity such as excessive prolonga- 


iion of "m itera, widening of te QRS complex and i ventous; written by: 

yarrhythmias mandate immediate discontinuation of the drug and/or 

close clinical and electrocardiographic monitoring. ween Se Roberis, 96D. "m TM Allen Enge, M.D. 
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sion of cardiac function such as hypatension, bradycardia, or heartblock. ss E Clinical Professor of Pathology The New York Hospital-Cornell University 
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5. Quinidine should be used with extreme caution in patients with incom- Washincean D.C l 

plete A-V block since complete block and asystole may be produced d eu Lawrence H. Cohn, M.D. 
Quinidine may cause abnormalities of cardiac rhythm in digitalized patients Dean T. Mason, M.D. Professor of Surgery/Harvard Medical 

and therefore should be used with caution in the presence of digitalis intoxi- School/Department of Surgery/Division of 
cation. 6. Quinidine should be used with caution in patients exhibiting Professor of Medicine and Thoracic & Cardiac Surgery/Brigham & 
renal, cardiac or hepatic insufficiency because of potential accumulation of Physiology, and Chief of Women's Hospital, Boston 

je in plasma leading to toxicity P rit, MEE GR S il 

7. Patients taking quinidine occasionally have syncopal episodes which of California, Davis Scho 

usually result hom ventricular taches or titration is syndrome Medicine and University Medicai on ei cas ap adape muti 
has not been shown to be related to dose or plasma levels. Syncopal Center, Davis and Sacramento, California ud x 


episodes frequently terminate spontaneously or in response Io treatment, 


yn rji ma EAE including granulomatous hepatitis, due lo What is CARDIO LOGY 1 982? 


quinidine hypersensitivity have been reported in patients taking quinidine 


Unexplained fever and/or elevation of hepalic enzymes, particularly in the i ; : 1 
early stages of therapy, warrant consideration of possible hepatotoxicity. — The second in an annual series to be published in the 
Moniloring liver function during the first 4-8 weeks should be considered SPRING each year 


Cessation of quinidine in these cases usually results in the disappearance 


of toxicity. . ' A 
PRECAUTIONS: General: The precautions to be observed include all € A review of the year's newest and most important 


those applicable to quinidine A preliminary test dose of a single tablet o! | j - 
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idiosyncrasy to quinidine. Hypersensitivity to quinidine, although rare, pil eee et +s . 
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Quinidine with carbonic anhydrase ^ Alkalinization of urine |; 
inhibitors, sodium bicarbonate, resulting in decreased € A practical approach to a complicated and fast-moving 
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Quinidine with coumarin Reduction of clotting factor Subject designed to be read and us daily 
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succinylcholine and decamethonium muscular blockade 


Quinidine with phenothiazines Additive cardiac depressive € A collection of unrelated reviews 

and reserpine effects é 1 

Quinidine with hepatic enzyme- d plasma half-life e An abstracting Service 

inducing drugs (phenobarbital, of quinidine - ; i 

phenytoin, rifampin) € A rehash of materials readily available elsewhere 
Quinidine with digoxin Increased plasma concentra- 


tions of digoxin (see WARNINGS) 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Long- 
term studies in animals have not been performed to evaluate the 
carcinogenic potential of quinidine. There is currently no evidence ol 
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setting has not been established 


Nursing Mothers: Caution should be exercised when Quinaglute T"--——————————— 


(quinidine gluconate) Dura-Tabs are administered to a nursing woman due 
to passage of the drug into breast milk SPECIAL | YES 
oe , please enter my standing 

Pediatric Use: There are no adequate anc well-controlled studies zi order for CARDI Y: 1 : 
— the safety and effectiveness o! Quinaglule (quinidine gluco- DISCOUNT OTTER derstand ra each edition (published 
nate) Dura-Tabs in children Place a standing order to receive each once a i i 

R : year) will be automatically 
ADVERSE REACTIONS: Sympioms of cinchonism, ringing n ears. edition of CARDIOLOGY: 1982 on 30 shipped to me on 30 cay approval, and 
headache, nausea, and/or disturbed vision may appear in sensitive patients day approval and receive a 10% dis- | will receive a 10% discount on this 
aller a single dose of the drug. The most frequently encountered side count on this and all future-editions and all future editions, (1982 edition 
effects to quinidine are gastrointestinal in nature. gastrointestinal discount price $40.50) 
pag include nausea, vomiting, abdominal pain and diarrhea J 
Less frequently encountered adverse reactions: ! Yorke Medical Books, Box C-757, Brooklyn, N.Y. 11205 
Cardiovascular: Widening of ORS complex, cardiac asystole, ventricular s 7 AJCI2 
ectopic beats, idioventricular rhythms including ventricular tachycardia and D Please send me a copy ot the 1982 edition at the full price of $45.00. | do not wish to place a 
fibrillation, paradoxical tachycardia, arterial embolism and hypotension standing order. 


Hematologic: Acute hemolytic anemia, hypoprothrombinemia, throm- 
bocytopenia (purpura), agranulocytosis 

Central Nervous System: Headache, fever, vertigo, apprehension, 
excitement, confusion, delirium and syncope, disturbed hearing (tinnitus, (New York residents add appropriate sales tax. Add $5.00 per book for orders outside the U S. and Canada.) 
decreased auditory acuity), disturbed vision (mydriasis, blurred vision, 
disturbed color dern di) reduced vision field photophobia, diplopia, D Please bill my O VISA O MasterCard (same return privilege) 

night blindness, scotomata), optic neuritis. Exp. date — — — — — Card No. — M/C Interbank No. — — — 
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Hypersensitivity Reactions: Angioedema, acute asthmatic episode, 

vascular collapse, respiratory arrest, hepatic toxicity, including gran- Name LL ————————————————————————————— ^" 
ulomatous hepatitis (see WARNINGS). Although extremely rare, there have Adde 

also been reports of lupus erythematosus in patients taking quinidine. A 
positive association with quinidine therapy has not been established 
See e insert for full information. 
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No agent offers a better risk/ 
benefit profile in arrhythmias 
than INDERAL (propranolol HCl). 
INDERAL works to reduce heart 
rate and contractility, lengthen 
A-V conduction time, and sup- 
















D press automaticity —helping to 
Y restore the heart rate to normal 
3 in many patients with a wide 
variety of arrhythmias. 
Consider INDERAL for 





arrhythmias early—to restore 
cardiovascular well-being as 
soon as possible. 


Reference: 1. AMA Department of Drugs: AMA Drug Evaluations, 
ed. 4. Littleton, Mass., Publishing Sciences Group, Ine., 1980, p. 520. 
Please see Brief Summary of Prescribing Information 
on the following page. 
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-BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal* (propranolo! hydrochloride) 


"6 7 






BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 
RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 








CONTRAINDICATIONS 
1) bronchial asthma; 2) allergic rhinitis during the pollen season; 3) sinus bradycardia and 
„greater than first degree block: 4) cardiogenic shock; 5) right ventricular failure secondary 
- to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) unless it is sec- 
- ondary to a tachyarrhythmia treatable with propranolol; 7) in patients on adrenergic- 
- augmenting psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 


A 


WARNINGS 

-. CARDIAC FAILURE: In congestive heart failure, inhibition with beta-blockade carries the 
-. potential hazard of further depressing myocardial contractility and precipitating cardiac 
failure. In patients already receiving digitalis, propranolo! may reduce the positive inotropic 
-— action of digitalis and may have an additive depressant effect on AV conduction. 
3 IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, in rare instances, cardiac 
— failure has developed during propranolol therapy. At the first sign of impending cardiac 
- failure, patients should be fully digitalized and/or given a diuretic, and observed closely: 
- 8) if cardiac failure continues, despite adequate digitalization and diuretic therapy, pro- 
-— pranolol should be immediately withdrawn: b) if tachyarrhythmia is being controlled, 
| patients should be maintained on combined therapy and closely followed until threat of 
—— Cardiac failure is over. 


aw 





IN PATIENTS WITH ANGINA PECTORIS. there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuation of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
| should be gradually reduced and the patient carefully monitored. In addition, when 
] INDERAL is prescribed for angina pectoris, the patient should be cautioned against 

| interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs. it usually is advisable to reinstitute 
' INDERAL therapy and take other measures appropriate for the management of unsta- 
` ble angina pectoris. Since coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of having occult ath- 
erosclerotic heart disease. who are given propranolol for other indications. 





























IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use 
have not been adequately appraised. Give special consideration to propranolol's potential 
for aggravating congestive heart failure. Propranolol may mask the clinical signs of devel- 
-. oping or continuing hyperthyroidism or complications and give a false impression of 

improvement. Propranolol should be withdrawn slowly, since abrupt withdrawal may be fol- 
— lowed by an exacerbation of symptoms of hyperthyroidism, including thyroid storm. Pro- 

: pranolol does not distort thyroid function tests. 

— — IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
— reported in which, after propranolo;, the tachycardia was replaced by a severe brady- 

p cardia requiring a demand pacemaker. In one case this resulted after an initial dose of 

5 mg propranolol. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta-blockade impairs the ability of the 
— heart to respond to reflex stimuli. Except in pheochromocytoma, propranolol should be 
-withdrawn 48 hours prior to surgery. In case of emergency surgery, the effects of pro- 

pranolo! can be reversed by administration of beta-receptor agonists such as isopro- 
-— tereno! or levartereno!, but such patients may be subject to protracted severe hypotension. 
Difficulty in restarting and maintaining the heart beat has been reported. 
IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g.. CHRONIC BRON- 
- .CHITIS. EMPHYSEMA), administer with caution, since propranolol may block bronchodila- 
-— tion produced by endogenous and exogenous catecholamine stimulation of 
B beta-receptors. 
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(PROPRANOLOL HCI) 


To restore cardiovascular 
well-being. 





DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Propranolol may prevent 
the appearance of premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia, especially in patients with labile diabetes. A precipitous elevation of 
blood pressure may accompany hypoglycemic attacks. 

USE IN PREGNANCY: Safe use in human pregnancy not established. Embryotoxic 
effects have been seen in animais at doses about 10 times the maximum recommended 
human dose. 


PRECAUTIONS 
Patients receiving catecholamine depieting drugs such as reserpine should be closely 
ebserved if propranolol is administered, since it may occasionally produce hypotension 
and/or marked bradycardia resulting in vertigo, syncopai attacks, or orthostatic hypoten- 
sion. 
Observe laboratory parameters at regular intervals. Use with caution in patients with 
impaired renal or hepatic function 


ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocy- 
topenic purpura. Central Nervous System: lightheadedness; mental depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible mental depression pro- 
gressing to catatonia; visual disturbances; hallucinations: an acute reversible syndrome 
characterized by disorientation for time and place, short term memory loss, emotional 
lability, sligntly clouded sensorium, and decreased performance on neuropsychometrics 
Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. Allergic: pharyngitis and 
agranulocytosis, erythematous rash, fever combined with aching and sore throat, laryngo- 
spasm anc respiratory distress. Respwatory: bronchospasm. Hematologic: agranulocy- 
tosis, nonthrombocytopenic purpura, thrombocytopenic purpura. Miscellaneous 
reversible alopecia. Oculomucocutaneous reactions involving the skin, serous membranes 
and conjunctivae reported for a beta-blocker (practolo!) have not been conclusively asso- 
ciated with propranolol. Clinica! Laboratory Test Findings: Elevated blood urea levels in 
patients with severe heart disease, elevated serum transeminase, alkaline phosphatase, 
lactate dehydrogenase 


HOW SUPPLIED 

TABLETS 
— Each hexagonal-shaped, orange, scored tablet is embossed with an “I” and imprinted 
with "INDERAL 10,” contains 10 mg propranolol hydrochloride, in bottles of 100 (NDC 
0046-0421-81) and 1,000 (NDC 0046-0421-91). Also in unit dose package of 100 (NDC 
0046-0421-99). 
— Each hexagonal-shaped, blue, scored tablet is embossed with an "I" and imprinted with 
"INDERAL 20," contains 20 mg propranolo! hydrochloride, in bottles of 100 (NDC 0046- 
0422-81) and 1,000 (NDC 0046-0422-91). Also in unit dose package of 100 (NDC 0046- 
0422-99). 
—Each hexagonal-shaped, green, scored tablet is embossed with an "I" and imprinted 
with "INDERAL 40." contains 40 mg propranolol hydrochloride. in bottles of 100 (NDC 
0046-0424-81) and 1,000 (NDC 0046-0424-91). Also in unit dose package of 100 (NDC 
0046-0424-99). 
— Each hexagonal-shaped, yellow, scored tablet is embossed with an "I" and imprinted 
with "INDERAL 80,” contains 80 mg propranolo! hydrochloride. in bottles of 100 (NDC 
0046-0428-81) and 1,000 (NDC 0046-0428-91). Also in unit dose package of 100 (NDC 
0046-0428-99). 

The appearance of these tablets is a trademark of Ayerst Laboratories 

Store at room temperature (approximately 25? C). 
INJECTABLE 
— Each ml contains 1 mg of propranolol hydrochloride in Water for injection. The pH is 
adjusted with citric acid. Supplied as 1 ml ampuls in boxes of 10 (NDC 0046-3265-10). 

Store at room temperature (approximately 25? C) 
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CLINICAL STUDIES 


421 Detection of Acute Right Ventricular Infarction by Right Precordial Electrocardiography 


CHARLES H. CROFT, PASCAL NICOD, JAMES R. CORBETT, SAMUEL E. LEWIS, ROBERT HUXLEY, 
JHULAN MUKHARJI, JAMES T. WILLERSON and ROBERT E. RUDE 


This prospective study of 33 patients with acute myocardial infarction indicates that 0.1 mV or more of S-T seg- 
ment elevation in one or more of right precordial leads V4R, VsR and V&R is both highly sensitive (90 percent) 
and specific (91 percent) in identifying acute right ventricular infarction documented by technetium-99m pyro- 
phosphate scintigraphy. This lead system was more discriminant than any individual right precordial lead, and 
its specificity was uninfluenced by the site of left ventricular infarction. Right precordial electrocardiography was 
valuable in identifying patients with a right ventricular ejection fraction below 0.50 and wall motion score below 
75 percent (determined by radionuclide ventriculography), but did not necessarily indicate hemodynamic com- 
promise or an unfavorable short-term prognosis. These data suggest that this simple noninvasive and generally 
available diagnostic technique may be a valuable tool in the early recognition of acute right ventricular infarc- 
tion. 


428 Clinical Implications of Anterior S-T Segment Depression in Patients With Acute Inferior Myocardial 
Infarction 


CHARLES H. CROFT, WAYNE WOODWARD, PASCAL NICOD, JAMES R. CORBETT, 
SAMUEL E. LEWIS, JAMES T. WILLERSON and ROBERT E. RUDE 


This study of 47 consecutive patients with acute transmural inferior myocardial infarction showed that early an- 
terior (precordial lead) S-T segment depression occurs commonly and is generally not a marker of functionally 
significant anterior or global left ventricular ischemia (as assessed by radionuclide ventriculography). No signifi- 
cant difference was found in left ventricular end-diastolic or end-systolic volume index, ejection fraction or total 
or regional left ventricular wall motion scores between 39 patients with and 8 patients without anterior S-T de- 
pression on their initial electrocardiograms. Three of eight patients demonstrating early anterior S-T depression 
had single right coronary artery disease. A weak relation existed between the presence of anterior S-T depres- 
sion and the magnitude of inferior S-T depression during acute inferior myocardial infarction. Anterior S-T de- 
pression early in the course of acute inferior infarction is determined at least partly by reciprocal mechanisms. 
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Cardioselective 
at usual _ 
therapeutic 
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Cardioselective 


LOpressor 


metoprolol tartrate 


Studies have shown that Lopressor is often significantly 
cardioselective at the usual therapeutic doses of 100 to 200 
mg/day.* Beta-one selectivity diminishes as the dosage of 
Lopressor is increased. In beta blockade, beta-one receptors in the 
heart are the key to lowering blood pressure. 

Contraindicated in sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac failure. 


“exerts a relative preference for beta-one receptors; 
this preference is not absolute. 


* Data on file, Geigy Pharmaceuticals. 
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‘metoprolol tartrate 


The fastest 


à growing drug 


ofanti- _ 
hypertensive 
medicine 


Lopressor’ 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
- combination with other antihypertensive agents, 
“especially thiazide-type diuretics. NEU "1 
Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, anc overt cardiac fail- - 
ure (see Warnings). À j 


Warnings Cardiac Failure: Sympathetic stimula- | 


tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 


y zi 


ade carries the potential hazard of further depress- 


ing myocardial contractility and precipitating more ' 
severe failure. in hypertensive patients who.have . 


congestive heart failure controlled by digitalis and 









diuretics, Lopressor should be administered cau- . 


tiously. Both digitalis and metoprolal slow AV 
conduction. 4 E OEC 

In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with = 
beta-blocking agents over a period of time can, in 


some cases, lead to cardiac failure. At the first sign 


or symptom of impending cardiac failure, patients _ 


should be fully digitalized and/or be given a diuretic — 
and the response observed closely If cardiac fail- 


ure continues, despite acequate digitalization and 
diuretic, Lopressor therapy should Be withdrawn. — 
Ischemic Heart Disease: Following abrupt cessa- - 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and. in some 
cases, myocardial infarction heve been reported. © 


Even in the absence of overt angina pectoris, when : 


discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be gau- 
tioned against interruption of therapy without the 
physician's advice. 2 
Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agént should be 
administered concomitantly and the lowest 
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possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times pedi instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
or: interval. (See Dosage and Administra- 
tion. 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It snould be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia anc surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents. e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension, Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers 


Diabetes Mellitus: Beta-acrenergic blockade may 
mask symptoms of hypoglycemia (e.g. tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients. especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g.. tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 

. Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plusa catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar 
dia which may produce vertigo, syncope, or 
postural hypotension. l W ; 
Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 

-fects and carcinogenic potential. In a one-year - 

.. study in dogs, there was ne evidence of drug- 

induced toxicity at or below oral doses of 105 

_ mg/kg per day. Two-year studies in rats al three oral 

dosage levels of up to 800 mg/kg per day did not 

indicate an increase in the-development of spon- 

^. taneously occurring benign or malignant neo- _ 

‘plasms of any type. The only histologic changes — 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 


... lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 


finding represents t Uva of a known disease 

- entity inman. In a 21-montn study in mice at three 
“oral dose levels of up to 750 mg/kg per day, benign 

jung tumors (smal! adenomas) occurred more fre- 

- quently in female mice receiving the highest dose 

- than in untreated contro! animals. There. was no in- 

. crease in malignant lung tumors or total (benign 
plus malignant) lung tumcrs. The overall incidence 
of tumors or malignant tumors was also unaffected 

_ by metoprolol administrat on. | ! 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired : 

fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 

- and decreased neonatal survival (threshold be- 
tween 50 and.500 mg/ka) Distribution studies in 

- mice confirm exposure cf the fetus when metoprolol 


. |. is administered to the pregnant animal. There are 


no well-controlled studies in pregnant women. 

< Lopressor should be used in pregnant women only 
when clearly needed. — | 
Nursing Mothers: It is no! known whether this drug 
is excreted in human milk. Since most drugs are _ 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 
Usage in Children: Safety and effectiveness in 
children have not been established. = — 
Adverse Reactions Mos: adverse effects have 
been mild and transient 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache. nightmares. and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type: palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


rey Y Ty y "y Wa, Fr- i. Et > Ai *- 
EEI TEER E SUYO em nn mt T ponen er 
; à E + * V ` j : z T Myr ^ i a v 


nu 
Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. l 
Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain. constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 

Miscellaneous: Peyronie's disease has been re- 
pored in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol nas not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia: visual distur- 
bances: hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss. emotional lability, 
slichtly clouded sensorium, and decreased per- 
formance on neuropsychometrics 

Cardiovascular: Intensification of AV block (see 
Contraindications) 

Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Allergic: Erythematous rash. fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress 

Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase 


" 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general. the maximum ef- 
fect of any given dosage level will be apparent after 
one Week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day. with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
fence a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated'by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy. may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor i$ increased 

This drug should be stored at controlled room tem- 
perature and protected from moisture. 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(Capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture 


Dispense intight, light-resistant container (USP). 
C79-22 (8/79) 

For complete details, including description, clinical 

pnarmacology and overdosage, please see full 

prescribing information. 

GEIGY Pharmaceuticals 

Division of CIBA-GEIGY Corporation 

Ardsley, New York 10502 


* Data on file, Geigy Pharmaceuticals. 
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From Raven Press 


RX For Your Péteongi Cardiology Library 


5 New and Noteworthy Titles 


Cardiovascular Toxicology 
Edited by 
Ethard W. Van Stee, D.V.M., Ph.D. 


A broad range of major issues in cardiovascular toxicol- 
ogy—from adverse drug reactions to the cardiotoxicity of 
environmental substances—receive complete coverage 
in this informative volume. The opening section reviews 
the organization of the cardiovascular system as a po- 
tential target for toxic injury. This is followed by an as- 
sessment of the methods used to evaluate cardiovascular 
toxicity, including cell culture technology, and the use of 
animal studies. The final section systematically examines 
the toxicodynamics of the major classes of chemicals and 
natural substances such as cardiotonics, cardiodepres- 
sant peptides, aerosol propellants, antineoplastic drugs, 
and miscellaneous compounds, 

1982/400 pages/57 illus./46 tables/$54.50 

ISBN 0-89004-576-3 Order Code 673 


Lymphatics of the Heart 
Albert J. Miller, M.D. 


This landmark presentation is the definitive treatise on the 
role of cardiac lymphatics in mammalian heart function 
and pathophysiology. It critically reviews world literature 
on cardiac lymphatics, and explores the physiological, 
pathological, pharmacological, biochemical, and clini- 
cal implications of these findings. The author, an outstand- 
ing researcher in this field, shares his expertise in a clear 
and lucid presentation. 


1982/400 pages/34 illus., including 5 color plates/$50.50 
ISBN 0-89004-604-2 Order Code 688 


Therapeutic Selectivity 
and Risk/Benefit 


Assessment of Hypolipidemic Drugs 
Edited by 

Giorgio Ricci, M.D., Rodolfo Paoletti, M.D., 
Francesco Pocchiari, and Duilio Poggiolini 


This important volume reviews the pharmacology and clin- 
ical efficacy of drugs used in the treatment of hyperlipi- 
demia. The opening section outlines criteria for effectively 
treating hyperlipidemia. This is followed by sections ana- 
lyzing such major hypolipidemic drugs as clofibrate an- 


Order Form 


Please send: 


"Prices subject to change without notice. Prices slightly 
higher outside the U.S. and Canada. 


Raven Press 1140 Avenue of the Americas, New York, N.Y. 10036 U.S.A. 


alogs, nicotinic acid and its derivatives, naturally occurring 
substances, and resins and bile acids. 


1982/352 pages/417 illus./89 tables/ $43.00 
ISBN 0-89004-649-2 Order Code 1044 


Noninvasive Techniques for 
Assessment of Atherosclerosis in 
Peripheral, Carotid, and 


Coronary Arteries 

Edited by 

Thomas F. Budinger, Ph.D., Alan S. Berson, Ph.D., Ivar 
Ringqvist, M.D., Michael B. Mock, M.D., 

John T. Watson, Ph.D., and Roger S. Powell 


A roster of expert investigators present the current state 
of the art in the development of noninvasive techniques 
for the diagnosis of atherosclerosis in asymptomatic in- 
dividuals, They review various techniques— X-ray, ultra- 
sound, nuclear magnetic resonance, and positron emission 
imaging—with regard to potential application and pos- 
sible drawbacks. In addition, the validation of these meth- 
ods i$ examined, including attempts to correlate them with 
invasive techniques and with post-surgical and autopsy 
results. 

1982/256 pages/61 illus./49 tables/$26.00 

ISBN 0-89004-769-4 Order Code 1066 


Ischemic Heart Disease 
Clinical and Pathophysiological 
Aspects 


James T. Willerson, M.D., L. David Hillis, M.D., 
and L. Maximilian Buja, M.D. 


This informative book provides comprehensive coverage 
of the pathophysiology, diagnosis and treatment of is- 
chemic heart disease. The authors present clinicopath- 
ological correlations and discuss a wide variety of 
diagnostic methods, ranging from hemodynamic and en- 
zymatic to echocardiographic and scintigraphic tech- 
niques. Important therapeutic, rehabilitative, and 
preventative measures are included as well, 

1982/315 pages/196 illus./42 tables/$33.00 

ISBN 0-89004-563-1 Order Code 663 


L] To save postage and handling charges, | enclose pay- 
ment (or charge my credit card below). N.Y. residents 
add sales tax. 

Check one: [_] American Express [ 1 VISA [ ] Diners Club 


C] MasterCard 4-digit interbank no.: 
Credit card number: 

Card expiration date: 

Signature 

[] Bill me + postage and handling 
Name (please print) 

Address 


Country Postal Code 


9117 
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Jnly one company 
could top the EK-5A. 
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Burdick, with the new 


portable, affordable E 100 
single-channel ECG. 





Only Burdick could top the EK-5A, one of the most popular 
single-channel electrocardiographs we’ve ever made. 

Meet the new Burdick E 100. It combines the best of the 
old with the best of the new to give you a single-channel 
cardiograph that's reliable, simple to operate, compact and 
affordable. And it was designed to meet the needs of the 
ECG technician. 





The E 100 is four pounds lighter and has simpler 
controls arranged for optimum operator convenience. 

The lead selector now rotates a full 360°, eliminating the 
need to go counter-clockwise from V6 to reach Lead 1. The 
other controls are the latest push-button type and logically 
grouped for ease of operation. 

Another new feature is automatic sensing of a 5-lead or 
10-lead patient cable. Connect either one, depending on need 
or preference, and the E 100 makes the change automatically. 


Burdick has earned its reputation for | 


producing electrocardiographs with diagnostic 
accuracy, routine reliability, ease and simplicity 
of operation, and rugged dependability. 
The E 100 is offered in that same tradition. 
Call or write for more information or 
a demonstration of the new portable, Burdick 
affordable E 100. A concern for cardiac care. 





THE BURDICK CORPORATION, MILTON, WISCONSIN 53563, TOLL-FREE 800-356-0701, IN WISCONSIN 608-868-7631 
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437 Long-Term Survival of Patients With Malignant Ventricular Arrhythmia Treated With Antiarrhythmic 
Drugs 


THOMAS B. GRABOYS, BERNARD LOWN, PHILIP J. PODRID and REGIS DeSILVA 


Controversy exists as to the protective effects of antiarrhythmic agents for patients who have had so-called ma- 
lignant ventricular arrhythmia (noninfarction ventricular fibrillation or hemodynamically compromising sustained 
ventricular tachycardia). The authors analyzed survival of 123 such patients treated with antiarrhythmic drugs 
in whom the therapeutic objective was the abolition of salvos of ventricular tachycardia and R-on-T ventricular 
premature beats. Over an average follow-up of 29.6 months there were 35 deaths (11.2 percent annual mortality 
rate). However, among the 98 patients in whom antiarrhythmic drugs abolished grades 4b and 5 ventricular pre- 
mature beats, only six sudden deaths occurred, for a 2.3 percent annual mortality rate. It is concluded that antiar- 
rhythmic drugs can protect against recurrent life-threatening arrhythmias and that abolition of certain advanced 
grades of ventricular premature beats provides an effective therapeutic objective. 


444  Perioperative Coronary Arterial Spasm: Long-Term Follow-Up 


ALFRED E. BUXTON, JOHN W. HIRSHFELD, Jr., WILLIAM J. UNTEREKER, SHELDON GOLDBERG, 
ALDEN H. HARKEN, LARRY W. STEPHENSON and RICHARD N. EDIE 


Episodes of coronary artery spasm soon after myocardial revascularization procedure were observed in nine pa- 
tients. In all patients spasm occurred in a previously unobstructed right coronary artery resulting in inferior 
transmural ischemia. Six of the patients survived the initial episode, and were followed up for 20 months (mean) 
after surgery. The survivors were treated with nitroglycerin initially, followed by nifedipine. No survivor has had 
recurrent angina or other evidence of coronary spasm during follow-up. Cardiac catheterization with ergonovine 
maleate provocative testing for spasm was repeated 3 to 12 months after surgery in five of the survivors after 
stopping nifedipine. In each case the right coronary artery and bypass grafts were patent. Four of the five pa- 
tients had new inferior wall motion abnormalities, but ergonovine provoked focal right coronary spasm in only 
one patient. Perioperative coronary spasm may range in severity from asymptomatic electrocardiographic 
changes to severe hypotension causing death, and is one cause of perioperative myocardial infarction. Coronary 
spasm has not recurred in survivors of perioperative spasm to date, but some patients appear to have a contin- 
ued predisposition for spasm remote from the operative period. 


452 Response to Programmed Ventricular Stimulation: Sensitivity, Specificity and Relation to Heart 
Disease 


FRANK D. LIVELLI, Jr., J. THOMAS BIGGER, Jr., JAMES A. REIFFEL, ELI S. GANG, 
J. NORMAN PATTON, PATRICIA M. NOETHLING, LINDA M. ROLNITZKY and JERRY I. GLIKLICH 


Among 100 patients (49 with and 51 without previous spontaneous ventricular tachycardia) undergoing pro- 
grammed ventricular stimulation with a uniform right ventricular pacing protocol, the repetitive ventricular re- 
sponse (one or two extra responses) was found to be a sensitive, but not a specific, marker for previous sponta- 
neous ventricular tachycardia; a false-positive response was present in 43 percent of patients who had not had 
spontaneous ventricular tachycardia. Induced ventricular tachycardia (three or more extra responses), however, 
was moderately sensitive (65 percent), and highly specific (98 percent) for spontaneous ventricular tachycardia. 
The presence of underlying heart disease had no influence on the false-positive response rate of either the re- 
petitive ventricular response or induced ventricular tachycardia. 


459 Clinical and Electrophysiologic Findings in Patients With Repetitive Monomorphic Ventricular 
Tachycardia and Otherwise Normal Electrocardiogram 


G. THOMAS RAHILLY, ERIC N. PRYSTOWSKY, DOUGLAS P. ZIPES, GERALD V. NACCARELLI, 
WARREN M. JACKMAN and JAMES J. HEGER 


This report describes the clinical and electrophysiologic characteristics of 18 patie 
tricular tachycardia, defined as repeated paroxysms of ventricular tachycardia that had a un | 
interrupted by sinus-conducted QRS complexes that were normal. Fourteen of Tanen ad no evidence of 
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* Highly concentrated Tridil (5 mg/m ) helps avoid the . 
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igrates into many olastics. To avoid absorption of nitroglycerin inte 
ition containers, the dilution and storage of TRIDIL for intravenous 
! only in glass parenteral solution bottles. 
d ey Pue ae she tios 


use. The Noe rates of ib orpHon occur when flow rates are low, 
jns are high, and the administration set is long. Although the rate 
early phase of infusion (when flow rates are lowest) the loss is 
ting: consequently no simpie calculation or correction can be 
e theoretical infusion rate (based on the concentration of the 
actual delivery sate. 

oblem, American Critical Care has developed TRIDILSET? an 
t iri which loss of TRIDIL is minimal (less than 1%}. TRIDILSET (or a similar 

tion set) is. recommended for infusions of TRIDIL. 

SING INSTRUCTIONS MUST BE FOLLOWED WITH CARE. IT SHOULD BE NOTED 
WHEN TRIDILSET IS USED, THE CALCULATED DOSE WILL BE DELIVERED TO THE 
FENT BECAUSE THE LOSS OF TRIDIL DUE TO ABSORPTION IN STANDARD PVC 
SING WILL BE KEPT TO A MINIMUM. NOTE THAT THE DOSAGES COMMONLY USED 
PUBLISHED STUDIES UTILIZED GENERAL-USE PVC ADMINISTRATION SETS AND 
COMMENDED DOSES BASED ON THIS EXPERIENCE ARE TOO HIGH WHEN 
IDILSET is "-— 





























TRIDIL (nitroglycerin should be used with caution in patients with severe liver or renal 





lisease.- 

^ Excessive. hypotension, especially for protonged periods of time, must be avoided because 
“possible deleterious. effects ani the brain, heart, liver. and kidney from poor perfusion 
and the attendant risk of ischemia. thrombosis, and altered function of these organs. 
Paradoxical. ‘bradycardia and. increased angina pectoris may accompany nitroglycerin- 
dnóuced hypotension. Patients with normal or low pulmonary capillary wedge pressure are 
especially sensitive to the hypotensive effects of TRIDIL. If pulmonary capillary wedge 
pressure is being monitored, it will be noted that a fall in wedge pressure precedes the onset 
‘ob arterial hypotension: and the pulmonary capillary wedge pressure is thus a useful guide to 
e firn of the drug. : 

















Dare jngenésis; impairment of fertility 
Nelong erm studies in animals were performed to evaluate carcinogenic potential of TRIDIL. 































Category C. Anifndl reproduction studies have not been conducted with TRIDIL. It is also not 
known whether TRIDIL can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity. TRIDIL should be given to a pregnant woman only if clearly 
; needed.. 









tt is not known whether nitroglycerin is excreted in human milk. Because many drugs are 
“excreted in: human milk, caution shouid be exercised when TRIDIL is administered to a 
pursing: woman. 





the patient's condition stabilizes. Since the duration of the hemodynamic 
ing TRIDIL administration is quite short, additiona! corrective measures are 
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AND THEORIES 


Libi Sherf, MD, FACC 
Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv —Sackler School of Medicine, and Visiting 
Assoc, Professor, Dept. of Medicine, University of Alabama. : 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, MEUSE of 
Tel Aviv—Sackler School of Medicine. 





Every cardiologist, internist, pediatrician, suipeonecindesd © 
every physician—should have a good basic knowledge of 

the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


[] 14 of all pre-excitation cases are misdiagnosed. 

[] 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

[1 In % of all infants under 10 months of age with lite- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

[Lj to % of all children with pre-excitation have an 

additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also- 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. Thereis broughta wisdom: 
here which only time and experience can provide. The | 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- — 
Parkinson- White syndrome. But when knowledgeable — 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiclogy | 
and cardiac electrophysiology. ^ | 


Thomas N. James, MD | nre 
The Mary Gertrude Waters Professor of Cardiology. and Chairman of E 
the Department of Medicine, The University of Alabama in pie 
ham, and Physician-in-Chief, University of Alabama PRHE 





[YORKE MEDICAL BOOKS, Box C-757, Brooklyn, NY 11205 
Please send me a copy of THE PRE-EXCITATION SYNDROME | 
at $38.00. I may use the book for 30 days and if not completely 
satisfied, return it for full refund or credit. 

_ Bill me plus cost of shipping. 

L: Payment enclosed, ps pays shipping. 
(3 Charge my credit card: © | MasterCard 
Card No. uada pm Date 


..| Visa. 





NAME ______. 


er more than six years of development and rigorous clinical evaluation, a microcomputer based: syste 
ed AEGIS” is now available for ambulatory monitoring. (ou i id 


GIS has been designed to analyze in real time: 
ventricular ectopic beats (VEB), ventricular couplets 
ane (VC), ventricular tachycardia (VT), supraventricular 
-premature beats (SVPB), and supraventricular 
tachycardia (SVT). Missed beats, marked pauses, 
„sustained ventricular tachycardia, bradycardia and 
tachycardia are also differentiated by the system. 
When the 24-hour monitoring activity is completed, 
AEGIS provides the attending physician with a 
-. comprehensive summary report and confirming rhy- 
thm strips in minutes. The system is fully-auto- 
|. mated so no specially-trained office staff is required, 
- v.v therefore turnaround time and cost of the procedure 

—. - are substantially reduced. 

Microcomputer Technology 

.. The AEGIS Real Time Analyzer, a powerful 8 bit 
microcomputer system, combines the recording and 
analyzing activities in one unit that analyzes each 
heartbeat in real time, detecting, categorizing and 
counting arrhythmias as they actually occur. Because 
the analysis is in real time, the system is able to 
apply substantially more instructions per QRS than 
much more powerful computer systems operating at 

60 to 240 times real time. 





= Accurate, consistent arrhythmia detection 
- AEGIS analyzes arrhythmias detecting departures 
in rate, rhythm and morphology from each patient's 
normal reference. The AEGIS computer can find 
-and reference a patient's “normal” beat in less than 
. . two minutes even under a wide variety of difficult 
— --eonditions such as chronic bigeminy, atrial fibrilla- 
= tion and bundle branch block. Furthermore, the 
^ .. “normal” reference beat is continually updated 
^ throughout the analysis period to account for 
..* changes in the position of the heart due to body 
D | mpvemenit. 
>o Abnormal morphologies are detected via both 
p feature. extraction and template matching. (AEGIS 
- . is unique in its use of both methods of analysis.) 
— .. "When deviations exceed specified criteria, a mor- 
Ae phology change is noted. 
© Rate, rhythm and morphology i information is then 
applied to decision algorithms to determine the clas- 
ification of each specific morphology change. 

















of highly refined classification aldorithims d 
from a data base of several hundred patient 
variety of morphologies, amplitudes and art: 

A dual channel system, AEGIS also has the : unique 
capability of being able to sense when artifacts. are 
overwhelming the usefulness of information and | | 
switch automatically to the other lead signal for 
processing. 6 











Decision- making capability a 
The AEGIS 8 bit microcomputer system is aug 
mented by an analog preprocessor which performs 
filtering, automatic gain control and QRS detection : 
functions. Thus, the microcomputer has more time _ 
and memory available for real time decision making. (s 
In fact, AEGIS is able to apply many more com- | - 
puter cycles in this decision making than far 1 more | 
expensive scanner systems operating at high seed. s 
Simplification vs 
Because all analysis occurs within the compact 2. D - 
pound AEGIS Real Time Analyzer, the conventional 
high-speed scanner is replaced by a simple, autò- — 
matic playback unit called a Report Generator. The. s 
need for a specially trained operator is eliminated. ——— 
Also eliminated are the dependence of reports on _ 
the qualitative perceptions of individuals and fie | 





















operator variability and fatigue. 


Advantages to the physician E 
The AEGIS System eliminates the turnaround time 
involved in using a scanning service-— -diagnostic 
results are printed i in the physician’s office, almost 
immediately. o 

All components have built-in quality . contr 
checks for rigorous verification of the system 
integrity. Patient hook- -up is. identic: 
conventional Holter ECG “recording E 






pleted i in minutes. 
AEGIS can significantly reduce dise c 
nd Holter or analysis, ands since eiti isa sof 






















tiar hy Hir as agent, ARR eliminated S diodes. of ventricular a tachycardia, while « seven asymp- : 
: nts received no antiarrhythmic therapy. With a follow-up of up to 8 years no patient has died or had Y 
nig of symptoms. | 





IMENTAL STUDIES 


oc Chronic ischemic Arrhythmias: The Relation Between Electrically Inducible Ventricular. 
chycardia, Ventricular Fibrillation Threshold and Myocardial Infarct Size 


is ELI $. GANG, J, THOMAS BIGGER, Jr. and FRANK D. LIVELLI, Jr. 


D or Sustained ventricular tachycardia was readily inducible in 10 of 22 dogs 4 days after closed-chest reperfusion 
gee infarction. The infarction was produced with a balloon-tipped catheter positioned in the left anterior descending 
won coronary artery for 2 hours. In dogs with sustained ventricular tachycardia the ventricular fibrillation threshold - 
= was markedly reduced, whereas in dogs without ventricular tachycardia the threshold was unchanged from 
Dr preinfarction values. The ventricular repetitive response threshold tended to change in the same direction as the 
= |... ventricular fibrillation threshold; however, nonparallel changes in these two measurements were not uncom- 

. .. mon. Finally, sustained ventricular tachycardia was associated with large infarctions, suggesting that limitation 

| | et infarct size may reduce the incidence of lethal ventricular tachyarrhythmias. 


7e “Reversal of Regional Myocardial Depressant Effects of Propranolol With Nitroglycerin 


- 1] = SHIGEHITO HATTORI, VIDYA S. BANKA, JAI B. AGARWAL, HAJIME YAMAZAKI, 
ee MONTY M. BODENHEIMER and RICHARD H. HELFANT 


o The use of propranolol in acute myocardial infarction is limited by its cardiodepressant effects. The effects of 
oe intravenous nitroglycerin (0.4 mg) on regional myocardial dysfunction produced by total or partial coronary oc- 
m : clusion, and propranolol administration (1.0 mg/kg intravenously) were evaluated using ultrasonic crystals. 


















lechanism of Additive Effects of Digoxin and Quinidine on Contractility in Isolated Cardiac Muscle: | 
PNE LASH, RUSSELL C. REEVES, DAVID N. S. REEVES and LLOYD E HEFNER - | | 


| is experiment the additive effects of digoxin and quinidine on contractili ity in isolated ferret right wentelGuler — 
papillary muscles were. studied. Atropine abolished the increase in contractility seen after. the addition of quini- E ; 
muscles. pretreated with digoxin. Also, the effects of atropine and. quinidine, alone and in combination, QUE 
solated papillary muscles were investigated. Both atropine and quinidine alone caused an i increas ebo 
force and peak rate of development of force, while decreasing time to peak tension. T e combination of E Ue 
ne and quinidine had no additional effect compared with either drug alone. These studies show that: quini- e uut te 
ugments contractility in digoxin-treated isolated papillary muscles, and that this interaction is at least pan oe 


1 x odiate d, through antagonism of underlying cholinergic influences, by quinidine. 

















Hypertension on Cardiac Performance in Rats: With Myocardial infarction WM 
: FLETCHER, | JANICE M. PFEFFER, MARC A. PFEFFER and i EUGENE BRAUNWALD | m EM 






4 CONTROVERSIES IN CORONARY AR 
M Cardiovascular Clinics, Vol. 13, No.1 
This fascinating volume offers the opinions of leading medical 


eighteen current and controversial issues relating to coronary ar tery diseas 
Aithough the experts may disagree, each point of view is based on sound medic 
facts. The contents below reveal the breadth of coverage. a ee 
Guest Editor: Shahbudin H. Rahimtoola, MD, Professor of Medicine, 


Section of Medicine Cardiology, University of Southern California, Los Angeles 
Calif: with 38 other contributors. About 330 pp., 150 ill. Ready October 1982 
About $45.00. POE SES 


Table of Contents: Should Exercise Electrocardiographic Testing be Replaced by Radi 
oisotope Methods? e How Reliable is Myocardial Imaging in the Diagnosis of 
Mvocardial infarction? e How Reliable are Echocardiographic Studies in the Diagnosis € 
Myocardial Dysfunction? e What is the Reliability and the Utility of Scintigraphic Methods i 
the Assessment of Ventricular Function? e What is the Role of CT Scanning of the Heart’ 
Is an Exercise Electrocardiographic Study Useful and Safe in the Early Post-Myocard 
infarction Period? e What is the Role of Coronary Artery Spasm in Ischemic Heart Diseas 

e Can Infarct Size be Limited in Patients with Acute Myocardial Infarction? e What is the Ri 
of Thrombolytic Therapy in Acute Myocardial Infarction? e Should Prophylactic An 
arrhythmic Drug Therapy be Employed in Acute Myocardial Infarction? e What is the Stat 
of Coronary Revascularization for Acute Myocardial Infarction? e What is the Role of 
Pacemakers in Patients with Coronary Artery Disease and Conduction Abnormalities? 
What is Optimal Drug Therapy in Angina Pectoris? e What is the Role. of Aortocoron 
Bypass Surgery in the Asymptomatic or Mildly Symptomatic Patient? « Does Corona 
Bypass Surgery Have a Favorable Influence on the Quality of Life? e What is the Role 
Percutaneous Transluminal Coronary Angioplasty in Coronary Artery Disease? e Car 
Modification of Risk Factors Reduce Coronary Heart Disease? e What is the Role of Newe 
Methods of Cardiopulmonary Resuscitation? e What is the Role of Coronary Bypa 
Surgery in Patients with Unstable Angina? e What is the Role of Coronary Bypass urgery 
Patients with Chronic Angina? did 


The Editor-in-Chief of the Cardiovascular Clinics is Albert N. Brest, M 





| i would like to receive the indicated books on 30-day approval. Please send the books | have indicated. If I'm not satisfied, | 

| [] #7272 Rahimtoola: Controversies in Coronary Artery may return the books, in good condition, within 30 days. 
Disease. About $45.00. Ready October 1982. There will be a nominal charge for postage and handling. 

| (3 46323 Morse et al: A Guide to Cardiac Pacemakers. State sales tax will be added where appropriate. 

| About $65.00. Ready March 1983. 

i L] 45982 McGoon: Cardiac Surgery. $40.00. January 1982. 

I L] 48931 Vidt: Cardiovascular Therapy. $35.00. Oct. 1981. 
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_ and Management. $40.00. May 1980. 

| #1260 Brown: Anesthesia and the Patient with Heart 
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Post-streptokinase 

A 38-year-old woman ig,garc i flex is now widely patent 

shock with acute latera Peli te of obstruction (arrow). 
Please see full prescribing information, a Summary 
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e-streptokinase 










Streptase® i IS. infused den into the? jur 
involved artery during cardiac catheterization. p gem 






Efficacy demonstrated i in 

multicenter studies 
Co oronary artery reperfusion was accom- 
plished in 174 of 221 patients (79%) during 
evolving transmural myocardial infarction. 

Randomized, controlled studies are in 
progress to determine the effects of reperfu- 
sion on salvage of myocardial tissue and 
reduction of mortality. 
































Side effects: few and readily controlled 
There were no reports of allergic reaction or 
fever. Seven cases of bleeding at the punc- 
ture site and one case of moderate peritoneal 
bleeding were controlled without terminat- 
ing therapy. Severe bleeding was reported in 
only one patient. This patient had a gastric 
ulcer six months prior to treatment. 








Prompt initiation of 
treatment critical 
The greatest benefit is achieved when ther- 
apy is initiated within six hours after the — 
onset of symptoms. 
Thrombolytic activity and : 

safety record well documented : 
Streptase* has been effectively used world- _ 
wide for nearly a decade. Its record of clini- 
cal success is well matched by its record — 
of safety, and both have been extensively - 
reported in the medical literature. | 















treptokinas 


A major advance i inM.Lt here 

















ported to lyse acu 








is of acute myocardial infarction has 
X coronary thrombosis identified by 
phy. Other studies have demonstrated 
present in approximately 90% of patients 
r hours of onset of symptoms, (b) when com- 
it or historical controls, the majority of patients 
coronarv streptokinase within 6 hours of onset of 
à more immediate recanalization (within a few 
yurs/days) of the involved vessel. 
iOT BEEN ESTABLISHED THAT INTRACORONARY 
ION OF STREPTOKINASE DURING EVOLVING 
RAL MYOCARDIAL INFARCTION RESULTS IN SAL- 
MYOCARDIAL TISSUE, NOR THAT IT REDUCES 

Y. CONTROLLED STUDIES ADDRESSING THESE 
IETERS ARE IN PROGRESS AND UNTIL COMPLETED, 
IENTS WHO MIGHT BENEFIT FROM THIS THER- 
«NOT BE DEFINED. 
INDICATIONS 
X thrombolytic therapy increases the risk of bleeding, 
Streptase* (streptokinase) is contraindicated in the following 

































active internal bleeding 
cc recent (within 2 months) cerebrovascular accident, intracranial 
or intraspinal surgery (see WARNINGS) 

co c @intracramal neoplasm 

WARNINGS 

Bleeding 
-e The aim of Streptase* (streptokinase) therapy is the production of 
— sufficient amounts of plasmin for the lysis of intravascular deposits of 
|. fibrin; however, fibrin deposits which provide hemostasis, for exam- 
> ple, at sites of needle punctures, are also lysed and bleeding from 
such sites may occur, 
_ Intramuscular injections and nonessential handling of the patient 
- must be avoided during treatment with Streptase® (streptokinase). 
|. Venipunctures should be performed carefully and as infrequently as 
v possible. - 
[00 Should an arterial puncture be necessary during intravenous ther- 
«v apy upper extremity vessels are preferable. Pressure should be 
applied for at least 30 minutes, a pressure dressing applied and the 
|. puncture site checked frequently for evidence of bleeding. 
— 7 When internal bleeding occurs, it may be more difficult to manage 

than that which occurs with conventional anticoagulant therapy. 

 — Inthe following conditions the risks of therapy may be increased 
^| sand should be weighed against the anticipated benefits. 

(09 Recent (within 10 days) major surgery, obstetrical delivery, 

0. organ biopsy, previous puncture of noncompressible vessels 

5€ Recent serious gastrointestinal bleeding (within 10 days) 
te Recent trauma including cardiopulmonary resuscitation 
“e Severe, uncontrolled arterial hypertension 
igh likelihood of left heart thrombus, e.g.. mitral stenosis with 
atrial fibrillation 
cute bacterial endocarditis 
- itic defects including those secondary to severe hepatic 
renal disease 
regnancy 
»brovascular disease 
ibetic hemorrhagic retinopathy 
or severe allergic reaction to streptokinase 
eptic thrombophlebitis or occluded AV cannula at seriously 
nfected site 
other condition in which bleeding constitutes a significant 
hazard or would be particularly difficult to manage because of its 
location. . 
Id serious spontaneous bleeding (not controllable by local pres- 
ccur the infusion of Streptase® (streptokinase) should be ter- 
immediately and treatment instituted as described under 
JDVERSE REACTIONS. | 
ise of Anticoagulants 
'oncurrent use of anticoagulants with intravenous administration 






















































'gnancy 
patients 























and phenylbutazone. 

Patient Monitoring | ied 
Before commencing thrombolytic therapy, it is desirable to obtain a < 
thrombin time (TT), activated partial thromboplastin time (APTT), ^ 
prothrombin time (PT), hematocrit and platelet count to obtain — — l 
hemostatic status of the patient. 

Intracoronary Artery infusion 

During studies, laboratory monitoring of hemostatic parameters 

during intracoronary artery infusion showed minimal changes, if T 
any. Heparin was continued during therapy or instituted following B 
therapy and monitored accordingly. M 
ADVERSE REACTIONS Lid n 
The following adverse reactions have been frequently associated with | 


intravenous therapy but may also occur with intracoronary artery ` 
ánfusion: 


Bleeding 

Minor bleeding occurs often with thrombolytic therapy mainly at 
invaded or disturbed sites. When lytic therapy is continued while 

local measures are used to control minor bleeding, do not reduce 

the dose as this will increase lytic activity since more plasminogen 

will be available for conversion to plasmin. Severe internal bleeding 
involving gastrointestinal, genitourinary, retroperitoneal or intrace- 
rebral sites, may occur. Several fatalities due to cerebral and other 
serious internal hemorrhage have occurred during intravenous 
thrombolytic therapy. 

Should uncontrollable bleeding occur, Streptase® (streptokinase) 
infusion should be discontinued and, if necessary, blood loss and 
reversal of the bleeding tendency can be effectively managed with 
whole blood (fresh blood preferable), packed red blood cells and 
cryoprecipitate or fresh frozen plasma. Although the use of amino- 
caproic acid (ACA, AMICAR®) in humans as an antidote for strep- 
tokinase has not been documented, it may be considered in an 
emergency situation. 

Allergic Reactions 

Reactions attributed to possible anaphylaxis have been observed 
rarely in patients treated with Streptase® (streptokinase) intrave- | 
nously. These ranged in severity from minor breathing difficulty to > | 
bronchospasm. periorbital swelling or angioneurotic edema. Other 
milder allergic effects such as urticaria, itching, flushing, nausea, . 
headache and musculoskeletal pain have also been observed. ` 

Mild or moderate reactions may be managed with concomitant ^. 
antihistamine and/or corticosteroid therapy. Severe allergic reac- 

tions require immediate discontinuation of Streptase* (streptoki- 
nase), with adrenergics, antihistamines, or corticosteroids adminis- + 
tered intravenously as required. | = 
Fever ; y Sen 
Adthough Streptase® (streptokinase) is nonpyrogenic in standard 
animal tests, approximately one-third of patients treated with. — 
Streptase? (streptokinase) intravenously have shown increases in - 
bady temperature of = 1.5°F Symptomatic treatment is usually suf- 
ficient to alleviate discomfort. The use of acetaminophen rather 
than aspirin is recommended, 2s 
DOSAGE AND ADMINISTRATION 
Lysis of Coronary Artery Thrombi "EP 
During clinical studies, Streptase* (streptokinase) was administered >- 
selectively into the thrombosed coronary artery via coronary cathe- . 
ter placed by the Judkins or Sones Technique. When administered .. 
within 6 hours of onset of symptoms of acute transmural myocardial ` 
infarction, at a bolus dose averaging 20,000 IU and a maintenance 
dose averaging 2,000 1U/min for 60 minutes, greater than 75% of — 
occlusions were opened in less than 1 hour. x 
How Supplied | | ae 
Stieptase? (streptokinase) is supplied as a lyophilized white powder k 
in 5.5 mL vials (in packages of 10) with: color-coded labels corte- ^^. 










spending to the amount of purified Streptase® ( streptokinase) in 
green — 250,0001U —.- 


each vial as follows: ` p etd 7 
if . . bhue—750,0001U — . | . 
Store unopened vials at controlled room temperature (15-30°C). Cow 











fritten by 130 selected authorities, MYOCARDIAL 
EVASCULARIZATION represents the first comprehensive 
overage of the subject, presenting many new therapeutic 
iodalities not previously published anywhere. This volume is an 
utgrowth of the recent International Symposium on Myocardial 
levascularization held in Nassau, The Bahamas. It is edited by 
vo internationally renowned specialists, Dean T. Mason, MD, 
nd John J. Collins, Jr., MD. 


lyocardial Revascularization 
eatures the latest on: 
E Streptokinase - Thrombolysis in AMI 


Percutaneous Transluminal Coronary 
Hecanalization (PTCR 


E Percutaneous Transluminal Coronary 
Angioplasty (PTCA 


i New Calcium Blocking Drugs 


E Cardiac Benefits of Coronary 
-Rehabilitation Programs 


ll Coronary Bypass Surgery for Angina, 
Unstable Angina, AMI 

















orke Medical Books AJCI2 
ox C-757, Brooklyn, NY 11205 

lease send me: 

un, Copies MYOCARDIAL REVASCULARIZATION @ $ 55.00 


Enclosed is my check for. Yorke pays postage and handling 
: "(same return privilege). New York residents add appropriate sales tax. Add 
$5, OO per book for orders outside the U.S. and Canada 


Please bill my MasterCard (same return privilege) 














Expiration date . 


MIC interbank # 11. 
Piease bili me plus postage and handling (U.S. and Canadian orders only). 
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Sample Table of Contents 
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Section 1 - Stable Angina Pectoris and. 
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ocardial Lidocaine Concentration Following Continuous Intravenous Infusion Early and 
t Myocardial infarction 
BEN ‘A. ZITO, VICENTE J. CARIDE, THEODORE HOLFORD and BARRY L. ZARET 


x ‘he regional concentration of lidocaine administered by constant infusion was studied immediately (2 hours); 
; -after myocardia! infarction in seven dogs, and 24 hours after infarction in six dogs. Tissue levels were deter- —. 
|... mined by gas chromatography and related to regional myocardial biood flow as determined by radioactive micro- — 
> spheres in multiple samples. Two hours after infarction, a significantly higher lidocaine concentration was found 
^: $n markedly reduced blood flow zones (regional myocardial blood flow less than 0.2 ml/min/g), 4. 01.0.42. 
ug/g, compared with that in normal blood flow zones fregional myocardial blood flow less than 0.8 ml/min/g), | 
12.60 + 0.19 ug/g (p <0.01). In contrast, in the 24 hour model the opposite situation was observed. Thus, lido- 
. caine reached normal and ischemic myocardium in concentrations equivalent to therapeutic plasma concentra- 
tions even in lower infarct blood flow zones, with no significant differences between endocardium and epicar- 
dium. The age of the ischemic insult appears to be an important determinant in lidocaine tissue distribution in in- 


^ farcted myocardium. 





| METHODS 


= . Measurement of Infarct Size Using Single Photon Emission Computed Tomography and Technetium- 
: 99m Pyrophosphate: A Description of the Method and Comparison With Patient Prognosis : 


^ - B. LEONARD HOLMAN, SAMUEL Z. GOLDHABER, CARL-MARTIN KIRSCH, JOSEPH F. POLAK, 
^. BRUCE J. FRIEDMAN, ROBERT J. ENGLISH and JOSHUA WYNNE 





Dual tracer transaxial emission computed tomography was performed in 20 patients with acute myocardial in- : a8 
: c farction and 10 without infarction using technetium-99m pyrophosphate and technetium-99m-labeled red blood — u 
ells. Technetium-99m pyrophosphate was detected in the anterior wall with involvement of the interventricular — 

> septum or lateral wail in patients with electrocardiographic criteria for anterior infarction, whereas uptake was 
- detected in the diaphragmatic left ventricular wall with involvement of either the posterior, posteroseptal or pos- — ^. 
terolateral left ventricle, or the right ventricle in patients with electrocardiographic criteria for inferior or posteri- ~ p 
or infarction. infarct size measured from transaxial images range from 14 to 117 g in weight. There was a direct ^ 
relation between infarct size and patient prognosis in that, of the 13 patients with infarcts greater than 40g, 11 — 
(85 percent) had complications, while. only 2 (29 percent) of 7 patients with infarcts less than 40 g had complica- dE 
Nom dud the Bion period averaging 17.8 months (p « 0.05). PEAK d 















mitations of Comparing Left Ventricular Volumes by Two Dimensional Echocardiography, 
M 'ocardial Markers. and Cineangiography 


|. INGELA SCHNITTGER, PETER J. FITZGERALD, GEORGE T. DAUGHTERS, NEIL B. INGELS, 
< NIKE E. KANTROWITZ, ANNE SCHWARZKOPF, CAROL W. MEAD and RICHARD L. POPP 











Left ventricular volumes at end-diastole and end-systole were calculated from two dimensional echocardio : 
s in patients v with abnormal wall motion. Echocardiographic volumes were e compared w with volumes. obtained 
OUS! jre rer, ES of seh ncaa ode Ges myo ‘markers in tients (group A). 
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mat RIPTION: C 
. converting enzyme ( 
. tensin!l. 
INDICATIONS: Because serious adverse effects have been reported (see WARNINGS), 
Capoten is indicated for treatment of hypertensive patients who on multidrug regimens 
. have either failed to respond satisfactorily or developed unacceptable side effects. Us- 
~ ually, multidrug regimens include combinations of a diuretic, a sympathetic nervous 
.. system-active agent (such as a beta-blocker) and a vasodilator. 

be — Capoten (captopril) is effective alone, but in the population described above, it should 
| usually be used in combination with a thiazide-type diuretic. The blood pressure lowering 
_ effects of captopril and thiazides appear to be additive. 


E, 


WARNINGS: Proteinuria—Total urinary proteins >1 g/day were seen in 1.296 of patients 
Fon captopril; the nephrotic syndrome occurred in about “th of these cases. Existence 
. of prior renal disease increased the likelihood of development of proteinuria. About 6096 
E affected patients had evidence of prior renal disease; the remainder had no known 
| renal dysfunction. In most cases, proteinuria subsided or cleared within 6 months whether 

- or not captopril was continued, but some patients had persistent proteinuria. The BUN 
. and creatinine were seldom altered in the proteinuric patients. 
| — _Membranous glomerulopathy was found in nearly all the proteinuric patients on capto- 





pril who were biopsied and may be drug related; this is uncertain since patients were not 
biopsied prior to treatment and membranous glomerulopathy may be associated with 


| 


hypertension in absence of captopril therapy. Since most cases of proteinuria occurred 
hi by the 8th month of captopril therapy, patients on captopril should have urinary protein 
A estimates (dip-stick on 1st morning urine, or quantitative 24-hr urine—the latter provides 
.. greater precision when proteinuria is persistent and/or at low levels) before therapy, at 


approx. monthly intervals for the 1st 9 months of therapy, and periodically thereafter. 
- For patients who develop proteinuria >1 g/day, or increasing proteinuria, the benefits 
.. and risks of continuing captopril should be evaluated. 

d Neutropenia/Agranulocytosis—Neutropenia (—300/mm?) associated with myeloid 
-hypoplasia (probably drug related) occurred in about 0.396 of captopril treated patients. 
. About half of the neutropenic patients developed systemic or oral cavity infections or 
-. other features of agranulocytosis. Most of the neutropenic patients had severe hyperten- 
sion and renal function impairment; about half had systemic lupus erythematosus (SLE), 
.. or another autoimmune/collagen disorder; multiple concomitant drug therapy was com- 
A mon, including immunosuppressive therapy in a few cases. Daily doses of captopril in 
E _ the leukopenic patients were relatively high, particularly in view of their diminished renal 
- function. The neutropenia appeared 3 to 12 weeks after starting captopril; it developed 
relatively slowly, taking 10 to 30 days to have white blood count fall to its nadir; neutro- 
` phils returned to normal in about 2 weeks (other than 2 patients who died of sepsis). 

| Use captopril with caution in patients with impaired renal function, serious auto- 
~ immune disease (particularly SLE), or who are exposed to other drugs known to affect 


. the white cells or immune response. In patients at particular risk (as noted above), 
"1 "m white blood cell and differential counts prior to therapy, at about 2-week intervals 
_ for about the 1st 3 months of therapy, and periodically thereafter. 
» . The risk of neutropenia in patients who are less seriously ill or who receive lower 
- dosages appears to be smaller, and it is sufficient in these patients to have white blood 
— cell counts every 2 weeks for the 1st 3 months of therapy, and periodically thereafter. 
. Perform differential counts when leukocytes are —4000/mm? or the pretherapy white 
-. count is halved. All patients treated with captopril should be told to report any signs of 
— infection (e.g., sore throat; fever); if infection is suspected, perform counts without delay. 
E Since discontinuation of captopril and other drugs has generally led to prompt return 
É of the white count to normal, upon confirmation of neutropenia (neutrophil count 
-. «1000/mm?) withdraw captopril and closely follow the patient's course. 


Be Hypotension—Excessive hypotension was rarely seen in hypertensive patients but is a 
Bsp le consequence of captopril use in severely salt/volume depleted persons such as 
-. those treated vigorously with diuretics, e.g., patients with severe congestive heart failure 
(see PRECAUTIONS [Drug Interactions]). 

_ PRECAUTIONS: General: Impaired Renal Function—Some patients with renal disease, 
| . particularly those with severe renal artery stenosis, have developed increases in BUN 
.  &ndserum creatinine after reduction of blood pressure with captopril. It may be necessary 
-.. to reduce captopril dosage and/or discontinue diuretic. For some of these patients, nor- 
"— malization of blood pressure and maintenance of adequate renal perfusion may not be 
.. possible (see DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Labora- 
— tory Findings]). Surgery/Anesthesia—During major surgery or anesthesia with agents that 
Be produce hypotension, captopril will block angiotensin || formation secondary to com- 
| . pensatory renin release; if hypotension occurs and is considered due to this mechanism, 
|. ftis correctable by volume expansion. 

|. Drug Interactions: Hypotension: Patients on Diuretic Therapy—A precipitous reduction of 
- blood pressure may occasionally occur within the 1st 3 hours after administration of the 
- initia! captopril dose in patients on diuretics, especially those recently placed on diuretic 
_ therapy and those on severe dietary salt restriction or dialysis. The possibility of hypo- 
Hs tensive effects can be minimized by either discontinuing the diuretic or increasing the 


- medical supervision for at least 3 hours after the initial dose. If hypotension occurs, 


.. volume expansion. ; 
an Agents Causing Renin Release—Captopril's effect will be augmented by antihyperten- 
.. sive agents that cause renin release. 

Ey Agents Affecting Sympathetic Activity—The sympathetic nervous system may be 
-especially important in supporting blood pressure in patients receiving captopril alone or 
E with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect 
... to captopril, but the overall response is less than additive. Therefore, use agents affecting 
— sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron blocking 
|. agents) with caution. 

Y Agents Increasing Serum Potassium—Since captopril decreases aldosterone pro- 
-. duction, elevation of serum potassium may occur. Give potassium-sparing diuretics or 
|. potassium supplements only for documented hypokalemia, and then with caution, since 
| they may lead to a significant increase of serum potassium. If the patient has received 
= spironolactone at any time up to severa! months prior to captopril therapy, determine 
... the serum potassium frequently since the effect of spironolactone persists. 


 Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for 

acetone. 

Carcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year studies with doses 
—. of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic 
. potential. 


.. Animal Toxicology: Chronic oral toxicity studies were conducted in rats (2 years), dogs 
(47 weeks; 1 year), mice (2 years), and monkeys (1 year). Significant drug-related toxicity 

. included effects on hematopoiesis, renal toxicity, erosion /ulceration of the stomach, and 
~ variation of retinal blood vessels. Reductions in hemoglobin and/or hematocrit values 
| . were seen in mice, rats, and monkeys at doses 50 to 150 times the maximum recom- 
mended human dose (MRHD). Anemia, leukopenia, thrombocytopenia, and bone marrow 
dogs at doses 8 to 30 times MRHD. The reductions in hemo- 


SNP. 


Tyas 





Jis Mns 


and mice, at 20 to 60 times MRHL 
in 





increased incidence thereafter, even after cessation of dosing. 
Pregnancy: Category C—Captopril was embryocidal in rabbits when given in doses 2 to 71 
times (on a mg/kg basis) the maximum recommended human dose. The marked em 
bryocidal effect in rabbits was most probably due to the particularly marked decreas: 
in blood pressure caused by the drug in this species. Captopril given to pregnant ra 
400 times the recommended human dose continuously during gestation and lactatio! 
reduced neonatal survival. No teratogenic effects (malformations) have been seen afte 
large doses of captopril in hamsters, rats, and rabbits. 

There are no adequate and well-controlled studies in pregnant women. Captopri 
should be used during pregnancy only if the potential benefit justifies the potential risl 
to the fetus. 


Nursing Mothers: Concentrations of captopril in human milk are about 196 of those il 
maternal blood. The effect of low levels of captopril on the nursing infant has not beel 
determined. Exercise caution when administering captopril to a nursing woman, and, ii 
general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established althougl 
there is limited experience with use of captopril in children from 2 months to 15 year 
of age with secondary hypertension and varying degrees of renal insufficiency. Dosage 
on a weight basis, was comparable to that used in adults. Captopril should be used ii 
children only if other measures for controlling blood pressure have not been effective. 


ADVERSE REACTIONS: Reoorted incidences are based on clinical trials involving abou 
4000 patients. 

Renal—One to 2 of 100 patients developed proteinuria (see WARNINGS). Renal ir 
sufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patient 
but relationship to drug use is uncertain. 

Hematologic—Neutropenia/agranulocytosis (probably drug related) occurred in abot 
0.396 of captopril treated patients (see WARNINGS). Two of these patients develope 
sepsis and died. 

Dermatologic—Rash (usually maculopapular, rarely urticarial), often with pruritus an 
sometimes with fever and eosinophilia, in about 10 of 100 patients, usually during the 1: 
4 weeks of therapy. The rash is usually mild and disappears within a few days of dosag 
reduction, short-term treatment with an antihistaminic agent, and/or discontinuing the 
apy; remission may occur even if captopril is continued. Pruritus, without rash, in abo 
2 of 100 patients. Between 7 and 10% of patients with skin rash have shown an eosin 
philia and/or positive ANA titers. A reversible associated pemphigoid-like lesion, an 
photosensitivity have also been reported. Angioedema of the face, mucous membrane 
of the mouth, or of the extremities in about 1 of 100 patients—reversible on discontint 
ance of captopril therapy. One case of laryngeal edema reported. Flushing or pallor i 
2 to 5 of 1000 patients. 

Cardiovascular—Hypotension in about 2 of 100 patients. See PRECAUTIONS (Dru 
Interactions) for discussion of hypotension on initiation of captopril therapy. Tachycardi: 
chest pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardi: 
infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 100 
patients. 

Dysgeusia—About 7 of 100 patients developed a diminution or loss of taste percer 
tion; taste impairment is reversible and usually self-limited even with continued drug us 
(2 to 3 months). Weight loss may be associated with the loss of taste. Gastric irritatiot 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcer: 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, an 
paresthesias reported in about 0.5 to 296 of patients but did not appear at increase 
frequency compared to placebo or other treatments used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although n 
causal relationship has been established. A single case of hepatocellular injury wit 
secondary cholestasis has been reported in association with captopril use. A transiet 
elevation of BUN and serum creatinine may occur, especially in volume-depleted or rent 
vascular hypertensive patients. In instances of rapid reduction of longstanding or severe 
elevated blood pressure, the glomerular filtration rate may decrease transiently, als 
resulting in transient rises in serum creatinine and BUN. Small increases in serum pota: 
sium concentration frequently occur, especially in patients with renal impairment (se 
PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with á 
I.V. infusion of normal saline is the treatment of choice for restoration of blood pre 
sure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour befor 
meals. Dosage must be individualized. 

Give consideration to recent antihypertensive drug therapy, extent of bloed pressu! 
elevation, salt restriction, and other circumstances before initiating therapy. If possibli 
discontinue the patient's previous antihypertensive drug regimen for one week befoi 
starting captopril. Initial dose of CAPOTEN (captopril) is 25 mg t.i.d. If satisfactory bloo 
pressure reduction is not achieved after 1 or 2 weeks, dose may be increased to 50 m 
t.i.d. If the blood pressure has not been satisfactorily controlled after another 1 to 2 week: 
add a modest dose of a thiazide-type diuretic (e.g., hydrochlorothiazide, 25 mg daily 
The diuretic dose may be increased at 1- to 2-week intervals until its highest usual anl 
hypertensive dose is reached. If further blood pressure reduction is required, CAPOTE 
(captopril) may be increased to 100 mg t.i.d. and then, if necessary, to 150 mg t.i. 
(while continuing the diuretic). The usual dose range is 25 to 150 mg t.i.d. A maximul 
daily dose of 450 mg CAPOTEN (captopril) should not be exceeded. 

For patients with accelerated or malignant hypertension, when temporary discontinu 
tion of current antihypertensive therapy is not practical, or when prompt titration to mo 
normotensive blood pressure levels is indicated, current antihypertensive medication m 
be stopped and CAPOTEN (captopril) dosage promptly initiated at 25 mg t.i.d., under clos 
medical supervision. The daily dose of CAPOTEN (captopril) may be increased every 
hours until a satisfactory blood pressure response is obtained or the maximum captop 
dose is reached. In this regimen, addition of a more potent diuretic, e.g., furosemid 
may also be indicated. Beta-blockers may also be used in conjunction with captop 
therapy (see PRECAUTIONS [Drug Interactions], but the effects of the 2 drugs are le 
than additive. 

Dosage Adjustment in Renal Impairment—Because CAPOTEN (captopril) is excret 
primarily by the kidneys, excretion rates are reduced in patients with impaired renal fu 
tion. These patients will take longer to reach steady-state captopril levels and will rea 
higher steady-state captopril levels for a given daily dose than patients with normal re 
function. Therefore, these patients may respond to smaller or less frequent doses: ^ 
cordingly, for patients with significant renal impairment, initial daily dosage of CAPOTE 
(captopril) should be reduced, and smaller increments utilized for titration, which sho 
be quite slow (1- to 2-week intervals). After desired therapeutic effect has been achieve 
dose should be slowly back-titrated to determine minimal effective dose. When cc 
comitant diuretic therapy is required, a loop diuretic (e.g., furosemide), rather tha 
thiazide diuretic, is preferred in patients with severe renal impairment. 

For full prescribing information, consult package insert. 
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When patients _ 
need more potassium 


than tablets 
can easily offer... 
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Consider 
the simplicity of 


KLORVESS 


Each packet(2.8 g) 
provides 20 mEq each 
of potassium and 
chloride supplied by 


potassium chloride 


1.125 g, potassium bicarbonate 0.5 g, and 
| L-lysine monohydrochloride 0.913 g 


The patient on higher doses of antihyper- 
tensive medication, diuretics and/or 
digitalis, may need additional potassium 
supplementation...40 mEq/day or more. 
KLORVESS Effervescent Granules offer 
the following advantages: 


e Each packet delivers 20 mEq of potas- 


sium...compared with slow-release 
tablets that contain 10 mEq or less. 


è Sparkling citrus flavor offers a high 
degree of patient compliance. Patients 
may even use KLORVESS as a “chaser 
for other medications. Granules mix 
easily with cold water...no need 
for expensive juices to make palatable. 


e Convenient effervescent granules 
dissolve almost immediately ... no 
waiting. 


e Sugar-free, sodium-free, carbohydrate- 
free, dye-free formulation. ..ideal tor 
hypertensive, diabetic, or overweight 
patients. 


PHARMACEUTICAL DIVISION 
SANDOZ, INC. 
E. HANOVER, NEW JERSEY 07936 


Please see brief summary of prescribing information on adjoining page 
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Give your patients 
the KLORVESS sparkle 


Klorvess® Effervescent Granules and 
Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: K/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate O.5 g. 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 1095 Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: In response to arise in the concentration of body 
potassium, renal excretion of the ion is increased. Inthe presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of K/orvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 1095 Liquid in 3to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Kiorvess Effervescent 
Granules: Adults — One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under “Contraindications: Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 


HOW SUPPLIED: K/orvess Effervescent Granules — packages of 
30 packets (2.8 g each). K/orvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: K/orvess Effervescent 
Granules — packages of 1000 packets; K/orvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 


PHARMACEUTICAL DIVISION 
SANDOZ, INC. 
E. HANOVER, NEW JERSEY 07936 


CARDIOLOGIST WANTED, with training in invasive and 


noninvasive procedures, Great Lakes Region. Attractive — | - 
salary with potential partnership in two years. Please send 
curriculum vitae and names of references to: Box 215, The 
American Journal of Cardiology, 875 Third Ave., New York, 

N.Y. 10022. 





INVASIVE CARDIOLOGIST. The Marshfield Clinic is seeking a Board 
certified/eligible cardiologist fully trained in all aspects of cardiac 
catheterization and angiography including PTCA. This individual 
would join eight cardiologists in an institution where over 1200 
catheterizations and 450 open heart procedures are performed 
annually. Include CV with first letter. W. Bruce Fye, M.D.; Chairman, 
Department of Cardiology; Marshfield Clinic; Marshfield, Wisconsin. 
54449. 





CARDIOLOGY FELLOWSHIP—3rd Year Invasive Cardiology Fel- 
lowship in very active Cardiac and Cardiac Surgery Program. 
Openings available for 1 Fellow for January 1, 1983 and 1 for July 
1, 1983. Salary $25,870 plus full benefits. Contact St. John Hospital, 
Department of Health Education, 22101 Moross Road, Detroit, MI 
48236 (313) 343-3875. 















CARDIOLOGIST WANTED —Large Midwest Multi-Specialty Group 
has an immediate opening in Cardiology. Excellent income and 
benefit schedule. Contact Kenneth L. Day, M. D., Wausau Medical 
Center, S. C., 2727 Plaza Drive, Wausau, Wisconsin 54401 or call 
collect (7 15) 847-3351. 















Sunbelt Opportunity for Cardiologists— Y uma, Arizona has 362 
days of sun available annually to shine upon one to two additional 
privately practicing Cardiologists. Southwest Arizona is growing 
rapidly and is prospering comfortably. Each winter the area attracts 
30,000 seasonal residents and visitors, most of them elderly. 
Yuma's modern 220 bed medical center, soon to expand by 63 
beds, currently has nuclear cardiology capabilities and a nonin- 
vasive vascular lab. The area offers income, climate and recre- 
ation. For further details, write or call Charles McConnell, Chief 
Executive Officer, Yuma Regional Medical Center, 2400 Avenue 
A, Yuma, AZ 85364 (Phone: 602-344-2000). 
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echocardiography. in .endidiastolis. Comparison of f left Vantricular. Vola obtained by achoca 
other indirect. methods is subject to several limitations. Our results indicate that an. impro 
carefully chosen transducer position and scan plane orientation of the ventricle may minimize th 
Possible effects. of angiographic me and effects of simultaneous studies are also discussed. 








antitation ani i Significance of Horizontal Cardiac Motion in M Mode and 1 Two Dimensional 
E Echocardiogray phy —.— 


. KENNETH M. KESSLER, KYRIACOS PEFKAROS, RAFAEL SEQUEIRA and ROBERT J: MYERB L 





The physiologic movement of the base of the heart toward the apex in 1 systole with return n diastole as e ' 
cardiographically identified as horizontal motion on two dimensional. long axis views. This motion: was incr 
in volume overload and pericardial effusion and decreased in low cardiac output states. "Horizont: motio 
sulted in the recording of constantly changing acoustical interfaces, especially with reference to M mode and 
short axis two dimensional techniques, and led to misinterpretations regarding the location of the ventricular 
septal “hinge” point, aortic valve orifice size, left ventricular outflow echoes, (pseudo) systolic anterior mitr; 
motion, posterior mitral chordal artifacts, abnormal left atrial echoes and the interpretation of left atrial wall me 1 
tion. E Su 
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NOW IT'S HERE... 
ONCE-A-DAY 

24-HOUR 
ANGINA PROPHYLAXIS 








TRANSDERM:NITRO 


nitroglycerin 








once-a-day 











Transderm: Nitro 


nitroglycerin 





Exclusive 4 " | 
a ' a» 
rate-controlling membrane d EN 
delivers hour-by-hour r TRANSOERM NITRO 5 
precision dosage p) E un 
e Specially designed copolymer mem- M 5 
brane governs, and limits, rate at wnich | a D 


drug diffuses from the system to the skin. — 


e Similar to an intravenous infusion, | “> 
Transderm-Nitro delivers medication ata | 


constant rate. | (actual size) 
e Patients are protected against extremely 
high concentrations being reached even 
where skin is unusually permeable. 
Magnified (approx thinness) 


EJ eme — À——— Á— E 


cross section of 
Transderm-Nitro system 











impermeable water-resistant 
backing layer 


nitroglycerin reservoir 


rate-controlling membrane 


hypoallergenic contact 
adhesive 

Contains an initial dose of 
medication to saturate skin- 
binding sites so that absorp- 
tion begins immediately 





*recision dosage system | 
assures 24-hour angina protection 





teady, sustained 
4-hour nitroglycerin 
vels 


constant protection against 
angina attacks assured by 
Jninterrupted plasma concen- 
trations of nitroglycerin: 
Transderm-Nitro 5 rated to 
release 5 mg/24 hours; 
Transderm-Nitro 10 rated to 
'elease 10 mg/24 hours. 


rthostatic hypotension may 
dicate nitroglycerin over- 
sage; reduce dosage if 
'mptoms occur. Nitrates are 
ontraindicated in patients with 
creased intraocular pressure. 
ithdrawal should be gradual if 
atment is terminated. Do not 
ply to distal parts of the arms 
id legs. 


plasma concentration of nitroglycerin 


1st system applied 


'st measurement in this study was taken 
2 hours. However, a therapeutic effect 

n be anticipated 30 minutes after 
iplication of the system, and will be 
aintained for 30 minutes after its removal. 


System is simple 
and easy to use 


* Every 24 hours the old system 
is removed and the new one 
applied. 


e Therapeutic effect can be 
anticipated 30 minutes after 
application and maintained for 
30 minutes following removal. 


e Can be applied anywhere on 
the body except the distal 
extremities. 


' After 24 hours, system is removed and a 


An advance 

beyond tablets and 

ointments 

e 24-hour sustained therapeutic 
blood levels of nitroglycerin 

* Precise dosage control 


e Ease of administration...avoids 
mess and inconvenience of 
ointments 


* Once-a-day dosage to 
enhance compliance 


* May be worn while swimming, 
bathing and showering 


2nd system applied 


new one is applied to ancther site. Renewal 
of the system does not result in any signif- 
icant alteration in the plasma levels, as 

long as the change is made without delay. 


C IBA 


For full details, please see the prescribing information on the next page 
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System can be applied anywhere 
except distal extremities. 

Doesn t ccmpromise daily 
activities. 

Transderm®-Nitro 


(nitroglycerin) 
Transdermal Therapeutic System 


DESCRIPTION 

Transderm-Nitro (nitroglycerin) transdermal 
therapeutic system is a flat unit designed to 
provide controlled release of nitroglycerin 
through a semipermeable membrane con- 
tinuous y for 24 hours following application 
to intact skin. Nitroglycerin (glyceryl tri- 
nitrate) is a prompt-acting vasodilator for 
the relief and orevention of anginal attacks 
Systems are rated to release in vivo 5 and 
10 mg nitroglycerin over 24 hours and are in 
sizes of 10 and 20 cm? respectively 


One-fifth cf tha total nitroglycerin in the 
system is delivered transdermally to the 
patient over 24 hours, the remainder serves 
as the thermodynamic energy source to 
release the drug and remains in the system 
The rated release of drug is dependent 
upon the area of the system. 0.5 mg 
nitroglycerin is delivered in vivo for every 
cm? of system size 


The Transderm-Nitro system comprises 

four layers as shown below Proceeding from 
the visible surface toward the surface 
attached to tFe skin, these layers are. 1) a 
tan-colored backing layer (aluminized plas- 
tic) that is impermeable to nitroglycerin, 

2) a drug reservoir containing nitroglycerin 


adsorbed on lactose, colloidal silicon dioxide. 


and silicone medical fluid; 3) an ethylene/ 
vinyl acetate copolymer membrane that is 
permeable to nitroglycerin, and 4) a layer of 
hypoallergenic silicone adhesive. Prior to 
use, a protective peel strip is removed from 
the adhesive surface 


Cross sectior of the system 


Backing 






— Drug Reservar 
Semipermeable Membrane 
Adhesive 


- 
7 Protective Peel Stup 


ACTIONS 

When the Transderm-Nitro system is ap- 
plied to the skin, nitroglycerin is absorbed 
continuously through the skin into the sys- 
temic circulation. This results in active drug 
reaching the target organs (heart, extrem- 
ities) before being inactivated by the liver 
Nitroglycerin is a smooth muscle relaxant 
with vascular effects manifested predomi- 
nantly by venous dilatation and pooling. 
The major beneficial effect of nitrogiycerin 
in angina pectoris is a reduction in myocar- 
dial oxygen consumption secondary to 
vascular smooth muscle relaxation and 
consequent reduced cardiac preload and 
afterload. In recent years there has been an 
increasing recognition of a direct vasodila- 
tor effect of nitroglycerin on the coronary 
vessels. 


Once-a-day, 24-hour protec 
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In clinical studies transdermal absorption of 
nitroglycerin from a nitroglycerin system 
occurred in a contmuous and well-controlled 
manner, for a minimum of 24 hours. Thera- 
peutic effect can be anticipated 30 minutes 
after application o! the system and to be 
maintained for 30 minutes after its removal 


INDICATIONS AND USAGE 
Transderm-Nitro system is indicated for the 
prevention and treatment of angina pectoris 
due to coronary artery disease 


CONTRAINDICATIONS 

Intolerance of organic nitrate drugs. 
marked anemia, increased intraocular pres- 
sure or increased intracranial pressure 


WARNINGS 

In patients with acute myocardial infarction 
or congestive heart failure. Transderm-Nitro 
system should be used under careful clini- 
cal and/or hemodynamic monitoring 


In terminating treatment of anginal patients, 
both the dosage and frequency of applica- 
tion must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden 
withdrawal reactions, which are characteris- 
tic of all vasodilators in the nitroglycerin 
class 


PRECAUTIONS 

Symptoms of hyoctension, such as faint- 
ness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to 
overdosage When these symptoms occur, 
the dosage should be reduced or use of the 
product discontinued 


Transderm-Nitro system is not intended for 
immediate relief of ang nal attacks. For this 
purpose occasional use of the sublingual 
preparations may De necessary 


ADVERSE REACTIONS 

Transient headaches are the most common 
side effect, especially when higher doses 

of the drug are used. These headaches 
should be treated with mild analgesics while 
Transderm-Nitro therapy is continued. When 
such headaches are unresponsive to treat- 
ment, the nitrog yeerin dosage should be 
reduced or use of the product discontinued 


Adverse reactions reported less frequently 
include hypotension, increased heart rate, 
faintness, flushing. dizziness, nausea, 
vomiting, and dermatitis. These symptoms 
are attributable to the known pharmaco- 
logic effects of nitroglycerin, but may be 
symptoms of overdosage. When they per- 
sist the dose should be reduced or use of 
the product discontinued 


DOSAGE AND ADMINISTRATION 
Therapy should be initiated with application 
of one Transderm-Nitro 5 system to the 
desired area of skin. Many patients prefer 
the chest; if hair is likely to interfere with 
system adhesion or removal, it can be 
clipped prior to piacement of the system 
Each system is designed to remain in place 
for 24 hours, and each successive applica- 


Transderm-Nitro nitroglycerin 


tion against anginaa 


ttacks 


TN 


tior should be to a different skin area 
Transderm-Nitro system should not be ap- 
plied to the distal parts of the extremities 


The usual dosage is one Transderm-Nitro 5 
system every 24 hours Some patients. 
however, may require the Transderm-Nitro 10 
system If a single Transderm-Nitro 5 system 
fails to provide adequate clinical response, 
the patient should be instructed to remove 

it and apply either two Transderm-Nitro 5 
systems or one Transderm-Nitro 10 system 
More systems may be added as indicated 
by continued careful monitoring of clinical 
resoonse 


The optimal dosage should be selected 
based upon the clinical response, side 
effects. and the effects of therapy upon 
blood pressure. The greatest attainable 
decrease in resting blood pressure that is 
not associated with clinical symptoms of 
hypotension. especially curing orthostasis, 
indicates the optimal dosage. To decrease 
adverse reactions. the size and/or number 
of systems should be tailored to the individ- 
ual patients needs 


Do not store above 86°F (30°C) 


PATIENT INSTRUCTIONS FOR 
APPLICATIONS 

A patient leaflet is supplied with the 
Systems 


HOW SUPPLIED 
Transderm- 

Nitro 

System Rated Tota 





Release Nitroglycerin System Carton 
in vivo in System Size Size 
5mg/24hr 25mg 10cm? 30 Systems 
(NDC 0083- 
2105-26) 
5 mg/24 hr 25 mg 10cm? 7 Systems 
(NDC 0083- 
2105-07) 
10 mg/24hr 50mg 20cm? 30 Systems 
(NDC 0083- 
2110-26) 
C82-16 (3/82) 
Dist. by 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


629-3650-A Printed in U.S.A (7/82) 
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It was inevitable... 





MAC II...ECG analysis in a cart. 


Over the past 15 years, Marquette Electronics has been on the 
Cutting edge’ of technology in electrocardiography. During 
these years we have labored to accomplish the ultimate - 


a compact, portable electrocardiograph which 
would yield an immediate ECG interpretation for 
the physician. 


MAC II is exactly that. It is no larger, no more expensive and no 
more difficult to use than an automatic, three channel ECG cart. 
Yet, it instantaneously produces a full ECG tracing with precise 
measurements, morphological interpretation and rhythm 
analysis using a self-contained computer. 


The MAC II is also designed for use with Marquette’s MUSE Central 
ECG Systems where complete ECG processing, storage and 
centralized physician review and editing are required. 


2 Marquette 
Œ) dis sar inc. 


World Headquarters e 8200 West Tower Avenue « Milwaukee, WI 53223 U.S.A. e Tel. (44 4) 355-5000 TWX 910-262-3071 MEI MIL 
European Headquarters e 10-12 rue de l'Abreuvoir, 92400 Courbevoie, France (Paris) e Tel. (1) 788-4184 Telex 620 362 MEIF 
Japan e 3-3-2 Chome Higashiazabu Minatoku, Tokyo 106 Japan e Tel. (03) 586-1424 Telex 781 242 3789 MEDICA J 
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Ascriptin 


For recurrent TIA's in men 





Avus ENG 


P. 


The best of aspirin is Ascriptin" 


Indications: For reducing the risk of recurrent transient ischemic 
attacks (TIA's)or stroke in men who have had transient ischemia of the 
brain due to fibrin platelet emboli. There is inadequate evidence that 
aspirin or buffered aspirin is effective in reducing TIA's in women at the 
recommended dosage. There is no evidence that aspirin or buffered 
aspirin is of benefit in the treatment of completed strokes in men or 
women. 

Precautions: (1) Patients presenting with signs and symptoms of TIA's 
should have a complete medical and neurologic evaluation. Considera- 
tion should be given to other disorders which resemble TIA’s. (2) Atten- 
tion should be given to risk factors: it is important to evaluate and treat, 
if appropriate, other diseases associated with TIA's and stroke such as 


hypertension and diabetes. (3) Concurrent administration of absorbable 
antacids at therapeutic doses may increase the clearance of salicylates 
in some individuals. The concurrent administration of nonabsorbable 
antacids may alter the rate of absorption of aspirin, thereby resulting 
in a decreased acetylsalicylic acid/salicylate ratio in plasma. The clinical 
significance on TIA's of these decreases in available aspirin is unknown. 
Dosage: 1300 mg a day, in divided doses of 650 mg twice a day or 325 
mg four times a day. 
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a Fort Washington, PA 19034 





| aiio telis s she conceives of congenital cardiac malformations. not as arrests 0i 
. of a "normal" heart but as genetic variants that are primeval i in origin. According to this concep 
‘malformed heart represents a primeval heart whose genes have survived through the. ages in 
pools of many, if not all, of the orders of the mammalia. Although teratogens do exist and may c 
be malformed, ner are not the cause of the most common cardiac Henna 























ng Tern F Follow-Up of Patients With Malformations for Which Defi finitive Surgical Repair H s 
Available for 25 Years or More Za EU 


DAN G. McNAMARA and LARRY A. LATSON 















This review of long-term follow-up studies of patients with congenital ventricular septal defect, atrial septal 
fect, patent ductus arteriosis, pulmonary stenosis and coarctation of the aorta reveals that most Operated p 
tients live a normal life, but many have residuae or sequelae that require close observation or treatment. 
need for continued prophylaxis against infective endocarditis varies. Asymptomatic postoperative patients. with 
a normal electrocardiogram and chest radiogram have a normal age-adjusted mortality rate and are considered | 
to be in the standard risk category. Although the presence of even mild disability from cardiac problems. may at 
fect employability, the National Rehabilitation Act of 1973 and the second injury section of workman's compen- 
sation legislation and vocational rehabilitation services may improve the employability of these patients. | 





c. 569 Late Results After Operations for Left Ventricular Outflow Tract Obstruction 
m MICHAEL JONES, GLENN R. BARNHART and ANDREW G. MORROW 


This evaluation of operations for the relief of left ventricular outflow tract obstruction in young patients, aga 0C 
to 18 years, from the National Heart Institute and from recently reported studies in the medical literature. indi- 
cates that the operative mortality is low but that such operations are mainly palliative in many children. Most op- o 
erated patients had improvement in symptoms postoperatively, and most had relief of obstruction. Since major . 
hemodynamic abnormalities were detected in 55 percent (23 of 42) within 1 year postoperatively in those with | 
unsatisfactory late results, patients operated on for relief of left ventricular outflow tract obstruction: should un- — 
dergo early postoperative assessment and continuing long-term follow-up during childhood, adolescence and | $ 


adulthood. Of 294 patients not having operation, 7 {2.4 percent) died and only 60 percent showed no evidence x 
of deterioration. 






j80 Sequelae of Atriotomy and Ventriculotomy on the Endocardium, Conduction System and Coronary 
z Arteries 


SAROJA BHARATI and MAURICE LEV 







Many of the 99 hearts with congenital heart disease in which T repair was performed more than 6 vee 
before death showed: fibroelastosis of the endocardium, most likely related to blocked lymphatic drainac 
otomy and the Mustard procedure may injure the sinoatrial node. Ventriculotomy may injure the. right 
branch, the: coronary supply to the right ventricle, and rarely the anterior descending artery. Total surgi 
rection in congenital heart disease with or without atriotomy or ventriculotomy does not necessarily p 
completely corrected heart, but may produce a new type of heart that later results in new heart problems. 
















f, 8 Electrophysiologic Residua and Sequelae of Surgery for Congenital Heart Dotacia 
| © VICTORIA. Ls VETTER 4 and LEONARD N. HOROWITZ 
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» ir n arrhythmias id palliati e or reparative c 6 M See ea oe ee 








Simultaneous 2-D phased array 


imaging and CW or pulsed Doppler | 


for noninvasive correlation of 
: hemodynamics and anatomy 


Provides two complementary 


techniques— 2-D to delineate cardiac 4 


Structure, Doppler to evaluate blood 
: flow velocity patterns—for global 
, assessment of cardiac function. 


c. You can noninvasively measure 
«pressure gradients across obstruc- 
tions and shunts, quantify relative 
«cardiac output changes, and map 
- flow patterns. Simultaneous display 
facilitates rapid examinations and 
- permits accurate Doppler sample 
volume placement. 


-Combined CW and pulsed 
Doppler for comprehensive 
flow measurements 


| CW Doppler furnishes accu- 
rate measurements of high blood 
flow velocities, while pulsed Dop- 
pier provides precise sample loca- 
tion. Versatile spectrum analysis 
-characterizes flow velocity patterns 
—and verifies quality of the Doppler 
examination. 


` Simultaneous 2-D/Doppler 
with one small dual-frequency 
transducer 















































. Asingie, Saal lightwei ght aaee 
ermits simultaneous 2-D and Doppler studies 
ugh all cardiac windows, and automatically 
mizes the ultrasound frequency for both 
modalities. Its extremely light, flexible 
mits easy angulation and lessens s 


ec hocardiogie 


. 69 Spring Stree 
(200) 327- 9899: 


Complete simultaneous 
documentation of all 
measurements 
Documentation is provided ot 
videotape and superb quality Irex- 
hard copy. This includes: video- < 
tapes of 2-D images and localized 
Doppler sample volume witho ^ 
Doppler audio signal; hard copy 
recordings of maximum and meal 
velocity traces; grey scale record 
ings of Doppler spectrum analysis 
and gated 2-D image depicting 
localized Doppler sample: time .. 
correlated with other data traces - 
including ECG, phono, and pulse. 


Simultaneous phased array 
2-D and superior 
dual derived M-modes | 
In addition, you get fully diag=. 
nostic ECG, with 12 selectable ... 
leads; phono with two channels. 
and eight filter settings; and pulse 
All data channels are fully syn- 
chronized, and all perform s imul 
taneously, 


lrex systems provide incom: 
parable value in meeting all | your. - 
cardiodiagnostic needs. For 
details on the Irex Phased Array- 
Heal Time Imaging System, Irex: 
System Il for M-mode studies, 2-0 
applications, and cath lab apelin 
cations, and the Irex Cardio.B0* 
general-purpose microcomputer 
for cardiology, contact us today. 
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IREX. Medic al Syst 











ol ye sure re they re 


1. Has. the patient been taking 
Persantine long enough? It often. 
-takes two to three months for clin- 


ical improvement to manifest itself. 
2. Is the patient on an optimum dosag 


regimen? With 25 mg, 50 mg, and 78 mg 
tablets, it's easy to establish a convenient, 


economical regimen for each patient. 
3. Is the patient getting enot 


150 mg daily 
4. Does the 2 


in divided doses.. 


to take it daily, without a break. 
5. Isthe patient getting genuine Persantine? Ask to see the tablets... 


and be sure to write “ 


your Persantine prescriptions. 


OICATIONS- Based on a revieaof This 
ig by the National Academy of Sciences- 
tional Research Council anda other 
ormation, FOS has cassified the indica- 
nas follows: 
ossibly” elfective: For long-iermn therapy of 
ronic angina pectoris. Prolonged Pierapy 
ny reduce the frequency or eliminate angi 
! episodes, improve exercise Iolerance, 
d reduce nitroglycerin requirements. The 
ig is nol intended to abort the deute 
ginal attack. 


ial classification of the less-thàn-effective 


lications requires further vestijation. 


CONTRAINDICATIONS —-No specitic 
contraindications are known. 
PRECAUTIONS —-Since excessive 
doses can produce peripheral vaso- 
dilation, the drug should be used 
cautiously i in patients with hyooten- 
sion. Persantine tablets, 25 mg. con- 
tain FOSC Yellow No. 5 Qartrazinel 
which may cause allergicitype reac- 
tions (including bronchial asthma) in 
ceriain susceptible individuals. The 
incidence of sensitivity is generally 
low, but frequentiy Seen in patients 
with aspirin hypersensitivity, 
ADVERSE REACTIONS — Adverse 
actions are. fninimal an transient 


Instances of Headache enineda. 


igh Persantine? Most patients need 
.some require. even more. 


tient take Persantine regularly? E Encourage patients 


ispense as written" or "No substitution" on 


| D haves of 25, 50 and 75. mg 


hbri 


nausea, flushing, weakness Or gyü 
cope, mild gastrointestinal distress 
and skin rash have been noted dur 
ing therapy. Rare cases of what — 
appeared to be an aggravation of 
angina pectoris have been reported, 
usually at the inflation of therapy. On 
ihose uncommon occasions when 
adverse reactions have been persis- 


tent or intolerable. withdrawal of medi 


cation has been followed promptly by 
cessation af undesirable symolcuns.. 


DOSAGE AND ADMINISTRATION— 


The recommended dosage is 50 mg 
three times a day. taken at least one 


Hour before meas. In some cases. 
higher doses may be necessary but 
E Significant increased incidence: of 


The experienced dipyridamole 


side effects is associated with in- 
creased dosage. Clinical response 
may not be evident before the sec- 
ond of thicd month of continuous 
therapy. 


Tablets of 26, 50 and 75 mg 


For complete details, please see the 
full prescribing information. 


Boehringer ingeitein Ltd. 
Ridgetield, CT 06877 





supraventricular pritythmias and sinus nodal dysfunction may: be seen after rep 
-~ arteries or atrial septal defect. Three distinct types of right bundle. branch bloc! after repair « 


canbe identified by differences in right ventricular activation. The surface electrocardiogram is no 
-termining types and sites. Additional electrophysiologic data discussed i in this report appear helpf 
S. me evaluation and treatment of these patients. LP 


0S Development and Regression of Increased Ventricular Mass 
|. JOSEPH K, PERLOFF 





This basic review focuses on those alterations at biochemical, cellular and tissue levels that govern. the j 
sponses, growth, hyperplasia, hypertrophy and regression of the myocardium before and after birth, prima 

in humans. Hyperplasia appears to be a fundamental response of the human heart before and shortly after bir 
later hypertrophy replaces hyperplasia as a response to overload hypoxia and other stress. The adaptive Struc 
tural cardiac responses to congenital heart disease and athletics shed further light on the development of w 
creased ventricular mass at all ages, as detailed in this discussion. e 


em Ventricular Performance in Adults After Operation for Congenital Heart Disease 
THOMAS P. GRAHAM, Jr. 


Symptomatic ventricular dysfunction in adults who have had reparative operations for the more common con- : 
.. genital heart defects is uncommon. However, both invasive and noninvasive laboratory assessments of ventricu- ; 
lar function have revealed abnormalities in some subsets of patients after repair of atrial septal defect, ventricu- c 
lar septal defect, aortic or pulmonary stenosis, tetralogy of Fallot, transposition of the great arteries and tricuspid _ 
atresia. Possible causes of late ventricular dysfunction after repair include the duration and severity of volume _ 
or pressure overload; the duration and severity of cyanosis; intermittent episodes of imbalance between myocar- 
dial oxygen supply and demand; residua, sequelae and complications of treatment; and acquired disease. Fur- — 
ther long-term follow-up studies are needed to assess the effect of current methods of therapy as well as uag o 
of operative intervention on ventricular function in adults. un 





-Long-Term Effects of Prosthetic Materials 
. DWIGHT C. McGOON 


Surgical repair of the various types of congenital cardiac defects often requires the use of prosthetic material 
-both bioprosthetic and synthetic. Patches have proved highly effective in many applications and location 
prosthetic valves have significant limitations, and particularly disappointing was the observation that biopre 
tic valves undergo ! accelerated degeneration in younger patients. The extracardiac conduit allowed cor 
operation for: several complex types of anomalies, but it suffers the double jeopardy of premature degene 
of its integral tissue valve (if any), and progressive peel formation within its lumen. A threat of infection ex 
the presence of prosthetic materials, especially valves. These known limitations of prosthetic devices a 
as potential late complications not yet fully elucidated are sufficient indication for periodic, perpetua: 
lance of patenis who have received cardiac prostheses. 


- Clinical Problems ot f Postoperative Pulmonary Vascular Disease 
WILLIAM IF. | FRIEDMAN an and MIRIAM. F. HEIFERMAN 





Whatever your patient sets his mind to, 
Enertrax sets its pace to. 











: ant your patient with a 
ealthy sinus node to lead a life 
mited only by his imagination, 
ot by his pacemaker. He can do it 
ith Medtronic's completely pro- 
rammable Enertrax, the most 
1ysiologic pacemaker available. 
Whether he's running, reading, 
t anything in between, Enertrax 
itomatically tracks the patient's 
rial activity and then paces the 
entricle in response when AV 
ynduction fails and no R-wave is 
'nsed. It is the finest replacement 
ir the hearr's AV node and Bundle 
‘His. © 

Designed expressly for atrial 
mchronous, ventricular inhibited 
TDD) pacing, Enertrax can sig- 
ificantly increase work capacity 
rer ventricular demand (VVI) 
icing, permitting normal ranges 
' heart rate as the patient's body 
rects. Your patient may feel fewer 
mptoms, have improved well be- 
ig and other proven benefits of 
DD pacing. All in only 40 grams. 
nertrax is ideal for a child's grow- 
ig life. It can give both young and 
der patients a hemodynamic 
»ost that restores vitality. 

You can easily treat complica- 









tions such as loss of atrial sensing 
by reprogramming atrial sensitivity. 


Precise, simple patient man- 
agement. Medtronic technology 
brings you the simplest and most 
useful followup tools, a whole 
performance-matched system. 
Special telemetry features make 
Enertrax functions easy to follow 
while simplifying management for 
both you and the patient. 

Telemetry and programmable 
functions are controlled by the 
Medtronic Censys™ programmer, 
your vital communications link to 
any Medtronic pacemaker. With 
Censys and Enertrax, you get a real 
time "self-diagnostic" marker of 
pacemaker activity which simpli- 
fies follow-up and troubleshooting 
diagnosis. You also have a real- 
time calibration pulse and control 
of eight programmed parameter 
values. Plus battery status, pace- 
maker model ID number and many 
other patient management fea- 
tures. 

Teletrace telephone monitoring 
offers you parameter and battery 
status telemetry, as well as trans- 
telephonic EKG transmission. 





VDD pacing provided a 24% increase. — 
over VVI pacing in work capacity studies — 
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For physiologic pacing as indi- 
vidual as each patient's natural — 
heart rate: Enertrax. En 

For more details on the Enertrax phys- 
tologic pacemaker, write: Enertrax, — 
c/o Medtronic, MS369, P.O. Box 
1453, Minneapolis, Minnesota 55440, _ 
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er be used on patients with pacemakers be- 
ble heat damage to electronic components. Electro- 

should never be used in the vicinity of unipolar pulse 
8 or bipolar pulse generators implanted in the unipolar 
cause of danger of introducing fibrillatory currents into the 
implanted pulse generator/lead. Pulse generators may 
damaged Dy d discharges if the paddies are placed 
t is mplanted pulse generator See the specific precautions 
| ngs in the technica’ manuais included with the pulse 




































dicte id prior to failure. Also, that the dig system may cease to 
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ment; fracture, fibrotic tissue formation, elevated thresholds and 
dica! Pae diraa and that paper opaan may be affected 





ody rejecti ion phenomena, inclucing local tissue reaction, muscie 
d nerve stimulation, infection, erosion of pulse generator /lead 
ough skin, transvenous lead-reated thrombosis, embolism and 






Based on the proceedings of the 2nd Inter- 
national Conference on Nosocomial Infections 
held August 5 - 8, 1980 in Atlanta, Georgia and . 
sponsored by the Center for Disease Control, this - 
book provides between two covers the most com- - 
prehensive, in-depth study of this international . 
problem published i in 10 years. This major 
reference is divided into 11 sections consisting of 
50 chapters written by over 100 internationally 
known experts. 


The book includes: 

* An update of disease trends since the Ist Inter- 
national Conference held a decade earlier 

* New information on the efficacy of specific 
approaches to infection control 

* Discussions on how to implement effective in- 
fection surveillance and control programs 

* Coverage of the increasing importance of anti- 
microbial resistance of nosocomial pathogens 

e Information on the potential usefulness of 
antimicrobial prophylaxis in selected patient 
groups 

and many other topics. 
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sis. There are important pre- and postnatal modifiers of the pulmonary vascular bed that may be lesion-depen- 
dent. Thus, the growth and development of the pulmonary vascular bed during fetal and early postnatal life as 
well as the morphologic alterations are likely to determine the ultimate intensity and magnitude of pulmonary 
vascular obstruction. 


637 Second Operations for Pulmonary Stenosis or Insufficiency After Repair of Tetralogy of Fallot 


PAUL A. EBERT 


Twenty-four patients who had had previous surgery for repair of tetralogy of Fallot needed subsequent operative 
procedures, either for residual pulmonary stenosis or pulmonary valve incompetence. The second operation was 
performed 1 to 21 years after the initial repair. The patients with pulmonary valve incompetence had evidence 
of marked right ventricular dysfunction and required pulmonary valve replacement. The patients with residual 
pulmonary stenosis had modifications of the pulmonary outflow tract to reduce the gradient. Five of the 15 pa- 
tients with stenosis required pulmonary valve replacement. Clinical improvement has been good, but objective 
reversal of right ventricular dysfunction has been difficult to document. 


641 Pregnancy and Its Outcome in Women With and Without Surgical Treatment of Congenital Heart 
Disease 


RUTH WHITTEMORE, JOHN C. HOBBINS and MARY ALLEN ENGLE 


Two hundred thirty-three women with congenital heart defects were prospectively followed through 482 
pregnancies resulting in 372 (77 percent) live births. Approximately half of these women had undergone cardiac 
surgery, and they are compared with those without operative repair. The mothers who were hypoxemic during 
pregnancy had only a 55 percent incidence of live births, whereas those who had become acyanotic as a result 
of reparative surgery had a normal outcome of pregnancy. The women with cardiac enlargement, abnormal 
electrocardiogram or symptoms had a statistically significant increase in interrupted pregnancies and cardiovas- 
cular complications compared with asymptomatic women with a normal heart size and electrocardiogram. All 
offspring were examined at specified intervals during the first 3 years of life; 16.1 percent were found to have 
congenital heart defects, but when those with known patterns of inheritance or familial predisposition were re- 
moved, this incidence was corrected to 14.2 percent. 
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BRIEF SUMMARY 


MINIPRESS* (prazosin hydrochloride) CAPSULES For Oral Use 

INDICATIONS: M NIPRESS* (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to moderate 
in activity. It can be used as the initial agent or it may be employed in a 


general treatment program in conjunction with a diuretic and/or other 
He ertensive drugs as needec for proper patient response. 

INGS: MINIPRESS (prazosin hydrochloride) may cause 
syncope with sudden loss of consciousness. In most cases this Is 
belleved to be due to an excessive postural hypotensive effect, 





The Second Issue of the New Annual providing 
a occasionally the al episode has been preceded by a a multidisciplinary approach to the latest, most 


bout of severe tachycardia heart rates of 120-160 beats per x , ^ 
mine. Syncopa! oplandes havo usually nd ses = important information on the state- of-the 


been reported in association with rapid dosage Increases or he art of cardiovascular medicine and surgery 


tlent taking high do f MINIPRESS | rochloride). 
patent anes ol oyncopal episodes i approximately 1% in patem 





given an inital dose ot 2 mg or raster ( Clinical mals conducted ici Ns 
uring the investigational phase $ suggest that pre William C. Roberts, M.D Mary Allen Engle, M.D 
x .D. , M.D. 

episodes can be minimized by limiting the initial dose of the drug Chief. Pathology Branch/National Heart, Stavros S. Niarchos Professor of Pediatric 
to 1 mg, by subsequently increasing the dosage slowly, and by Lung & Blood Institute/National Institutes of Cardiology/Director of Pediatric Cardiology! 
Introducing any additional antihypertensive drugs into the patient's Health/and Clinical Professor of Pathology The New York Hospital-Cornell University 
regimen with caution (see DOSAGE AND A MINISTRATION). & Medicine (Cardiology)/Georgetown Medical College , New York 
Hypotension may develep in patients given MINIPRESS who are also University School of Medicine, 
gute dederant " e: Washington, D.C. Lawrence H. Cohn, M.D 

If syncope occurs, the patient should be placed in the recumbent position P uie acteur ^ 

>. : ; aed e Prof f H Medical 

and treated supportively as necessary. This adverse effect is self-limiting and Dean T. Mason, M.D. Ais psp dea d ota seris PUN 
in mos! cases does not recur after the initial period of therapy or during Professor of Medicine and Thoracic & Cardiac Surgery/Brigham & 
subsequent dose titration. Physiology. and Chief of Women's Hospital, Boston 

Patients should always be started on the 1 mg capsules of MINIPRESS Cardiovascular Medicine, University 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for of California, Davis School oF : 
initial thera ‘ ISBN 0-914316-27-3 approx. 500 pp.., illus., 
initial therapy d Medicine and University Medical April 1982, $45.00 ISSN 0275-0066 

More common than loss of consciousness are the symptoms often Center, Davis and Sacramento, California pr 5 ne 


associated with lowering of the blood pressure, namely, dizziness and 


Nae ee plent shoul he eed iby devon, The What is CARDIOLOGY 1982? 


patient should also be cautioned to avoid situations where injury could result 


should syncope occur suring the initiation of MINIPRESS (prazosin The second in an annual series to be published in the 
dro al ind T i 5 
sage in Pregnancy: Although no teratogenic effects were seen in 
animal EM, te ye hig ah d cunei E ADAM SPRING each year 
pregnancy has not been establishe prazosin hydrochloride) is ' : 
no —— erac aet unless the potential benefit outweighs e A review of the year S newest and most important 
potential risk to mother and lelus. j i es. 
AMT — No iem ree is available with the use of developments ui cardiology 665 papers 
prazosin hydrochloride) in children. VOCE ET TE : 
ADVERSE REACT $: ve Voie ytd fereions oe m e A multidisciplinary approach to clinical and applied 
prazosin hydrochloride) therapy are: dizziness 10.3%, j 
headache 7.896, drowsiress 76%, lack of energy 6.9%, weakness 6.5%, research based on an exhaustive search of the years 
palpitations 5.3%, and nausea 4.9%. In most instances side effects have literature 
spon with continued therapy or have been tolerated with no decrease e A unique cohesive summary of the state of-the-art 
in dose of drug. QC "P x , 
The following reactions have been associated with MINIPRESS (prazosin : i i j 
hydrochlorides some of them rarely. (In some instances exact causal written, not edited, by those making outstanding 
relationships have not been established.) developments in the field 
op D cta vom ting, diarrhea, constipation, abdominal discomfort 
and/or pain. ^ : E i 
EO N iar edena, dipha syncope, tachycardia A practical approach to a complicated and fast- moving 
Central Nervous System: nervousness, vertigo, depression, paresthesia subject designed to be read and used daily 


Faith n rash, nune. alopecia, lichen planus. 
enitourinary: urinary frequency, incontinence, impotence, priapism. 5 L- 
Ade blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, CARDIO LO GY: 1982 is NOT 
nasal congestion. ; 
d € A collection of unrelated reviews 


Other: diaphoresis. 
Single reports of pigmentary mottling and serous retinopathy, and a few 


reports of cataract development or disappearance have been reported. In € An abstracting service 
these instances, the exact causal relationship has not been established . : 
because Ihe baseline observalions were frequently inadequate. e A rehash of materials readily available elsewhere 


In more specific slit-lamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal ophthalmological 


findings have been reported. iia : 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin It is more than merely a reference book, since it explains what to the 
hydrochloride) should be adjesiod according tothe patients individual blood average physician may be obscure....a treasure house of 1980 
pressure response. The following is a guide to ils administration: H ” ili 
Initial Dose: 1 mg two or three times a day (See Warnings.) publications. It is highly recommended. Mie Lir er peu of 
Maintenance Dose: Dosage may be slowly increased to a total daily dose Medicine. September, 1981 
of 20 mg T in divided doses. The therapeutic dosages most commonly d ` 
employed have ranged trom 6 mg to 15 mg daily given in divided doses. “ recommend...to any reader interested in the literature of 
Doses higher than 20 mg usually do not increase efficacy; however, a few cardiology.” Irwin R. Callen. M.D. 


patients may benefit from further increases up to a daily dose of 40 mg given 


in divided doses. After initial titration some patients can be maintained JAMA, Novembar, 1981 








adequately on a twice daily dosage regimen 
Use With Othar Drags: When adding a diuretic or other antihypertensive vrbi VM aa ACT ee EU aa ee MEUM 
agent, the dose of MINIPRESS (prazosin hydrochloride) should be reduced : 
to 1 "do. 2 mg three times a day and retitration then carried out. SPECIAL C YES, please enter my standing 
HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg DISCOUNT OFFER order for CARDIOLOGY: 1982. | un- 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, | derstand that each edition (published 
and unit dose institutional packages of 100 (10 x 10's); and 5 mg (blue and Place a standing order to receive each once a year) will be automatically 
white #438) capsules in bottles of 250, 500 and unit dose institutional SoC COREG: een a Stine qi ona0 day approva ano 
packages o 100 (Wx Ws) de dE a |. Qu er tne Vilis. (10 eon 
More detailed information available on request discount price $40.50) 
References: 1. O'Conner DJ, Preston RA, Sasso EH: Renal perfusion Boo 
changes during treatment of essential hypertension: Prazosin versus propran- Yorke Medical ks, Box C-757, Brooklyn, NY 11205 AJCI2 
olol. J Cardiovasc Pharmaca! 1(suppl): 38-542, 1979. 2. Falase AO, Salako O Please send me a copy of the 1982 edition.at the full price of $45.00. | do not wish to place a 
LA: ye =. — — Em J sore dp m mam standing order. 
sive Africans. Curr es 25:10-15, 1979. 3. Okun R, Maxwell M: Long- " : 
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Pharmacol \{suppl):321-S27, 1979. 4 Kirkendall WM, Hammond JJ, Mc Ra Kd "AN l 
Thomas JC, ei al: Prazosin and clonidine for moderately severe hypertension. (New York residents acd appropriate sales tax. Add $5.00 per book lor orders outside the U.S. and Canada.) 
JAMA 240 (23). 2553-2556, December 1, 1978. 5. Harter HR, Delmez JA: U Please bill my © VISA O MasterCard (same return privilege) 
Effects of prazosin in the control of blood pressure in aie dialysis Exp. date Card No M/C Interbank No 
— Cardiovasc Pharmacol 1(suppl):S43-855, 1979. 6. Leren P, Foss "uU. rm» i VER 
, Helgeland A, et al Effect of propranolol and prazosin on blood lipids: The D Please bill me pius postage and handling (U S. and Canadian orders only) 
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When The Doctor 


Isnt There, 


But The Symptoms 
Are. 


Transient symptoms 
suggestive of cardiac arrhyth- 
mias can happen anytime, 
anywhere. TAM Il enables 
physicians to document their 
patient's rhythm the moment 
symptoms appear; and at a 
convenient time transmit the 
safely stored ECG to Cardiac 
Datacorp's Sentinel Service, 
orto an ECG receiving system 
located in a doctor's office 
or hospital. 


TAM II weighs only 4 
ounces and slips into a pocket, 
purse or briefcase. It is "patient 
vd hacia so that there are 
no lead wires, wristlets, or pad- 
dles to inhibit patient compli- 
ance. When symptoms occur, 
the patient simply places TAM II 
on the precordium and records 
the next 32 seconds of ECG 
data into solid state (RAM) 
memory. The ECG remains 


stored and can be played-out 
transtelephonically as often as 
circumstances warrant. 


TAM Il is gaining wide 
acceptance as a diagnostic tool 
for detecting and documenting 
transient arrhythmias. Case 
reports and informative clinical 
studies are available. Simply 
write or call CDI for a complete 
TAM II file. 


TAM I 
The 
DOCUMENTOR 


TAM Il is designed and manufactured 


by Instromedix, Inc. exclusively for Car- 
diac Datacorp, Inc. 
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Dete e tion of Acute Right Ventricular Infarction by 
Right Precordial Electrocardiography 





















CHARLES H. CROFT, MB, FCP(SA) The value of 0.1 mV or greater of S-T segment elevation i in at ieasto one 


PASCAL NICOD, MD right precordial lead (V4R to V&R) in defining right ventricular myocardia 
/.- JAMES R. CORBETT, MD 


Tues infarction was assessed prospectively in 43 subjects (33 consecutive 
: oe PE MD patients with enzymatically confirmed infarction of varying type and lo 
a 9 ae LEY, MD cation, 4 patients with unstable angina and 6 healthy volunteers). Patients 
_ JHULAN MUKHARJI, MD | 
-— JAMES T. WILLERSON. MD with acute myocardial infarction were studied with radionuclide ven 


J ROBERT E. RUDE, MD* triculography and technetium-99m stannous pyrophosphate myocardial 
au EV. scintigraphy 18.2 + 14.3 (mean + standard deviation) and 85.1 + 18. 
. Dallas, Texas hours after the onset of symptoms, respectively. Eleven patients (Groug 
oue A: 9 patients with transmural inferior infarction, 1 with transmural infer 
olateral infarction and 1 with transmural anteroseptal infarction) dem: 
onstrated right precordial S-T segment elevation and 22 patients (Group 
B: 6 patients with transmural inferior infarction, 2 with transmural posterior : 
infarction, 3 with transmural inferolateral infarction, 3 with transmura 
anteroseptal infarction, 3 with transmural extensive anterior infarction 
4 with subendocardial anterior infarction and 1 with unclassified infarction) 
did not. Right ventricular ejection fraction was significantly lower in Group - 
A (0.47 + 0.11) than in Group B (0.60 + 0.12) (p <0.01). Right ventricula 
total wall motion score was 63.8 + 15.6 percent of normal in Group / 
versus 94.3 + 8.5 percent in Group B (p <0.001). Technetium-99m py 
rophosphate uptake (2+ or greater) over the right ventricle occuri d 
nine patients (81.8 percent) in Group A and in one patient (4.5 per 
in Group B (p <0.001). No patient with unstable angina and no healthy 
volunteer had S-T segment elevation in a right precordial lead. S-71 
| E " ment elevation of 0.1 mV or greater in one or more of leads. VaR t 
Erom the Départm ents of Internal M edi cina (Car- is both highly sensitive (90 percent) and specie ( 91 percent) i in d ni 
diology Division), and Radiology (Nuclear Medi- acute right ventricular infarction. 
cine) at the University of Texas. Health Science 


nter at Dallas, and Parkland Memorial Hospital, 
Dallas, Texas. This study was supported in part by 
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schemic SCOR HL 17669 and Contract NO 1 HV Hight ventricular myocardial infarction, recognized patholog 
7-2942 from the National Institutes of Health, many years,! ? has only recently been defined ; as a distinct c] 
aive ^d d d pathophysiologic entity. It has become clear that right ventr 
8-HL rom ional Heart, Lung, : 
and Blood Institute, Bethesda, Maryland, and by the farction is a frequent concomitant of acute inferior myocard 






afry S. Moss Heart Fund, Dallas, Texas. Manu- tion.^? Its recognition is important, not only so that appropria 
it received January 11, 1982; revised manu- is instituted in hemodynamically compromised patients, 3 bu 
received March 9, 1982, zr eepepted March inappropriate treatment and hemodynamic. alterations 
Ur duce right ventricular filling pressure and cardiac output 


















value! Barly Studies? fonda a poor 
ween 'electrocardiographic findings and 
right ventricle. More recently it has 
that S-T segment elevation in precordial 
14 and CR4R» may be indicative of right 
arction. But the sensitivity and specificity 
arious findings have not been defined, espe- 
sterogeneous group of patients with infarcts 
pe and location; furthermore, a variety of 
leads has not been tested in a systematic 
termine optimal diagnostic accuracy. In 
prospectively evaluated the sensitivity and 
of S-T segment elevation in leads V4R to V;R 
arker of right ventricular infarction (defined by 
n-99m stannous pyrophosphate scintigraphy) 
elected group of subjects with acute myocardial 
irction, unstable angina pectoris and no known heart 














Methods 


Patients with acute myocardial infarction: Thirty-three 
| onsecutive patients presenting with acute myocardial in- 
farction were prospectively evaluated. The diagnosis was 
based on a history of severe ischemic chest pain lasting at least 
*30 minutes, followed by increases in serum levels of total 
creatine kinase and the creatine kinase-B isoenzyme.19.17 

` Electrocardiograms: A standard 12 lead electrocardio- 
gram with right precordial leads V;R to V;R was obtained in 
each patient a mean (+ standard deviation) of 17.2 + 13.6 
hours (range 6 to 55) after the onset of symptoms. The position 
of leads V4R to VgR was a mirror image of that of leads V, to 
Ve. Lead VR was placed in the fourth intercostal space at the 
eft sternal border, V2R in the fourth intercostal space at the 
right sternal border, V4R in the fifth intercostal space at the 
ight mid clavicular line, V3R midway between V2R and V4R, 
n the right anterior axillary line at the horizontal level 
VR and V¢R in the right mid axillary line at the horizontal 
el of V4R. All electrocardiograms were standardized to 1 
nfarction manifested in the 12 lead electrocardiogram 
:lassified as transmural if new or presumably new Q waves 
east 30 ms wide and 0:2 mV deep were present in at least 








AVR AVL AVF 





WR 






docardial if ischemic S- 'T seg ment depression anc 1 
changes were not. sccomapabled by such Q wave develop: ? 
The site of infarction was classified as inferior if these changes . | 
were observed in leads II, II] and aVF, as anteroseptal if leads ` 
Vi through V5 or V4 were involved, as anterolateral if leads I 
and aVL, Vs and Vg were involved, as extensive anterior if | 
leads V; to Vg with or without I and aVL were involved, as 
inferolateral if leads II, III, aVF and V5 to Vg were involved, 
and as true posterior if a dominant R wave was observed in 
leads V, or Vo, or both, with an R/S ratio of 1.0 or greater. 
Leads V4R to VR were evaluated for the presence or absence 
of at least 0.1 mV S-T elevation above the T-P segment . 
measured 0.02 second after the J point (Fig. 1). Right pre- 
cordial electrocardiography was repeated daily in three pa- _ 
tients who demonstrated S-T segment elevation in the lateral — 
right precordial leads (V4R to VR) until this elevation had `. 
reverted to baseline. "s 

Clinical findings: At the time the electrocardiograms were- 
obtained, all patients were examined specifically to assess the - 
presence or absence of clinical signs of right ventricular 
myocardial infarction. These signs were hypotension (systolic 
blood pressure less than 90 mm Hg accompanied by oliguria 
and cool limbs), internal jugular venous distension above the 
level of the clavicle with the patient sitting at a 45? angle, and 
a fourth sound gallop, heard best along the left sternal border, 
that increased with inspiration. Creatine kinase and creatine 
kinase-B isoenzyme levels were determined at least twice daily 
for 3 days in all patients. 

The 33 patients were classified into two groups on the basis 
of the S- T segment changes in leads V4R to VgR: Group A 
included 11 patients with S-T segment elevation of 0.1 mV or 
greater in at least one of these right precordial leads; Group 
B included 22 patients with no such S-T elevation. Patients 
in each group were further characterized with regard to age, 
sex and coronary risk factors. 

Radionuclide ventriculography: Radionuclide ventric- 
ulography was performed in 30 patients at a mean time of 18.2 
+ 14.3 hours (range 6 to 55) after the onset of symptoms. The 
mean time between acquisition of the electrocardiogram and 
the radionuclide ventriculogram was 5.4 + 7.8 (range 1 to 44) 
hours. A first pass technique!?!9 using a bolus dose of 30 
millicuries (mCi) of technetium-99m sodium pertechnetate 
was utilized to image the right ventricle. Multigated equilib- 
rium blood pool scintigraphy of the left ventricle was per- 
























































FIGURE 1. Representative electro- 
cardiograms from a patient in Group B... 
(upper) demonstrating acute transmural... 
inferior myocardial infarction without =- 
S-T segment elevation in leads VaR to | 
VaR, and from a patient in Group A ` 
(lower) demonstrating acute transmural - 
. inferior myocardial infarction with S-T . 
segment ı elevation in right. precordial 
“leads VAR Su andardization i is 1 9 










ng of erythrocytes by technetium-99m sodium per- 
'tate.1929 Data collection was performed with a standard 
ma scintillation camera (Ohio Nuclear Series 100) 
pped with a low energy, all purpose parallel hole colli- 
nd interfaced with a dedicated on-line computer sys- 
(Ohio Nuclear VIP 450). All studies were gated for 32 
rames of the cardiac cycle and collected to achieve an average 
200,000 counts/frame. All data were stored on magnetic tape 
' subsequent analysis. 
Right ventricular ejection fraction was calculated from the 
ackground-subtracted time-activity curve, !9 A subjective 
alysis of right ventricular segmental wall motion was per- 
formed using a cinematic display of the entire cardiac cycle 
as well as a two frame display of end-systole and end-diastole. 
"V. The right ventricle was divided into five segments and the 
.,.. motion of each was graded according to the following scale: 
Cs 8, normokinesia; 2, mild hypokinesia; 1, severe hypokinesia, 
.. 0, akinesia; and —1, dyskinesia. The segmental scores were 
>>. added to give a right ventricular total wall motion score which 
|. Was expressed as a percent of the maximal possible score. 
— Left ventricular ejection fraction was calculated by a 
standard technique using the background-corrected activity 
v. from the region of interest constructed over the ventricle at 
tc end-systole and end-diastole.?! Left ventricular volumes were 
|. v calculated by a nongeometric technique recently developed 
.. and validated in our laboratory.?2?3 A subjective analysis of 
_ left ventricular segmental wall motion was performed using 
five segments in each of the three projections and the same 
_ grading system as for the right ventricle. A left ventricular 
_ total wall motion score was derived from the sum of the seg- 
. mental wall motion scores and was expressed as a percent of 
— the maximal score. 
> Each study was reviewed by two investigators who were 
A - unaware of the electrocardiographic and clinical information. 
_ When differences in interpretation occurred, they were re- 
<= solved by discussion at that time. 
< "Technetium-99m stannous pyrophosphate scintigra- 
vo phy: Each patient underwent imaging with technetium-99m 
-= stannous pyrophosphate at a mean time of 85.1 + 18.0 (range 
54 to 133) hours after the onset of symptoms. Myocardial 
-.. Scintigrams were obtained two hours after an intravenous 
injection of 15 mCi of technetium-99m pertechnetate coupled 
tobi mg of stannous pyrophosphate, and were repeated at least 
once in all patients in whom the initial scintigram was normal 
or suboptimal. Scintigrams were evaluated according to pre- 
viously published methods from our laboratory24:25 and 
graded on a scale of 0 to 4+ based on the intensity of radio- 
activity in the cardiac region. Zero represented no activity, 1+ 
slight and equivocal activity, 2+ definite activity less than that 
in adjacent ribs, 3+ activity equal to that of adjacent ribs and 
+ activity exceeding adjacent rib activity.24 In addition, each 
scintigram was classified as well localized or poorly localized 
depending on whether the distribution of uptake was limited 
to.a particular myocardial region or present over a wider 
portion of the cardiac silhouette, respectively. Scintigrams 
graded 2+ or greater were considered positive regardless of 
radionuclide distribution.?*?5 Uptake of technetium-99m 
stannous pyrophosphate over the right ventricle was consid- 
red present if radioactivity was noted in the left anterior 
ue projection, anterior to. visualized elements of the in- 
icular septum and posterior and pupa ocn to 
he M 





























de ‘two group 





iptum, ‘and 70° left d derer obliqui a projectiti b after 





e Clinical Characteristics: Patients W 
























Infarction 
Group A 
{with ECG evidence 
of RV MI) 
(n = 11) 
Age (yr)* 55.8 + 9.8 
Sex (men) 6 (5596) 
Cigarette smoking 31.1 + 30.6 
(pack years)* 
Hypertension 7 (6496) 
Diabetes mellitus 2 (1896) 
Previous MI 1 (996) ie 
Peak CK* (mU/ml) 1222 + 706 9 + 689 | 
Peak CK-B* 169 + 104 130. + 87. 
(ng/ml) 




































* All values are mean + 1 standard deviation. s 

CK = creatine kinase; CK-B = creatine kinase-B isoenzym A 
= electrocardiographic; MI = myocardial infarction; NS = PNE si 
cant; p = probability; RV = right ventricular. 


angina and six healthy volunteers were also MEET. Un 
stable angina was defined as the occurrence of unusually se 
vere or prolonged ischemic chest pain or unusually frequen 
anginal pain unaccompanied by serum elevation of eithe 
creatine kinase or the creatine kinase-B isoenzyme!9.17 or b 
electrocardiographic changes classic for myocardial infarc 
tion. 

E lectrocardiograms were obtained in the four patieris wit 
unstable angina at a mean of 8.8 + 5.0 hours {range 2 to 14 
after the onset of symptoms. Radionuclide ventriculography 
was obtained in three patients at a mean time of 9.8 4 2: 
hours (range 6 to 13) after the onset of symptoms. The: mean 
time from onset of symptoms to technetium-99m stannous E 

pyrophosphate scintigraphy, performed in all four patiente 
was 61.8 + 18.6 hours (range 41 to 86). | 

Six healthy volunteers with a mean age of 27 years (tang 
23 to 31) were also evaluated with standard 12 lead electro: 
cardiograms and with right precordial leads VR to VaR. 

Statistical analysis: Comparisons between proportion 
in two groups possessing a certain attribute was made usi 
Fisher's exact test.?? When assessing whether a signifie 
difference existed between groups on the basis of a q 
able attribute, Student's t test was used when the distr 
was normal and Mann-Whitney's U statistic?? was en 
when the distribution was skewed. All probability (p. 
were two-tailed and a p value of less than 0.05 was con 
significant. All grouped data are presented as the mean 
+1 standard deviation (SD). : 


Results 



























Patients With Acute Myocardial Infarcts 


Group comparison: Table I shows the compar y 
of general characteristics in the two groups (Gro 
with and Group B without electrocardiographic 
dence of right ventricular infarction). There 
significant difference between the two group 
gard to age, sex distribution, pack-years of ci 
smoking or the incidence of. hypertensi 
mellitus. Peak creatine kinase and creg 
levels were not significan 
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evidence evidence 
of RV Mi) of RV MI) 
(n — 11) (n = 22) 
9 (82%) 6 (27%) 
0 2 (996) 
1 (996) 3 (1496) 
1 (996) 3 (1496) 
»xten 0 3 (1496) 
ia interior 0 4(18%) 
0 1(5%) 





I sin Table t. 


Elec rocardioġrapħic and clinical findings: The 
1 of infarction, as determined from the standard 
d electrocardiogram, i is shown in Table II. Nine (82 
rcent) of 11 patients in Group A had transmural in- 
rior myocardial infarction and 1 further patient had 
ismural inferolateral myocardial infarction. Of the 
ven patients with transmural anteroseptal or exten- 
re anterior infarction in the series, only one demon- 
trated S-T segment elevation in leads V4R to VeR. The 
cation of infarction could not be classified in one pa- 
ient in Group B because of the absence of localized Q 
waves or ST-T wave changes. Serial right precordial 
Jectrocardiograms obtained in three patients in Group 
A revealed that S- T segment elevation had reverted to 
_ the baseline at 20, 51 and 89 hours, respectively, after 
_ the onset of symptoms. 

Patients in the two groups did not differ signifi- 
antly with regard to the occurrence of systemic hy- 
; ootension (Table HII). However, there was a signifi- 
cantly greater incidence of both internal jugular venous 
listension (p <0.05) and pre-systolic gallop sounds that 
creased in intensity with inspiration (S4 emanating 
om the right. ventricle) (p «0.05) in patients in Group 
patient in Group A and only one patient in Group 
died in the hospital. 

adionuclide ventriculography and techne- 
9m pyrophosphate scintigraphy: Eight (72.7 
nt) of 11 patients in Group A had a right ventric- 






































indings: Patients With Acute Myocardial Infarction 


. Group A Group B 

(with ECG (no ECG evidence 
evidence of RV MI) 
OIBVMI) — 9mm 
(n= 11) (n = 22) p Value 
1(9%) 1(6%) NS 
S8 um 2(996) «0.05 

(5596). B4 Ver UN «9.08 








p t ventricle during ir ine 




















| 5). Similarly, a ri ; ^ 
motion score bélow 75 percent v was seen t D 
percent) of 11 patients in Group A, but in no patient i 2 
Group B (p «0.001). y 

Table IV contrasts the results of left and right ven- 
tricular radionuclide ventriculography in the two 
groups. Gated first pass right ventricular ejection 
fraction was significantly lower in patients in Group A 
(0.47 + 0.11) than in Group B (0.60 + 0.12 percent) (p 
<0.01). Right ventricular total wall motion score was 
63.8 + 15.6 percent in Group A and 94.3 + 8.5 percent 
in Group B (p <0.001). There was no difference between _ 
the two groups in left ventricular ejection fraction, left. 

ventricular total wall motion score or left ventricular — 
end-systolic volume index. Left ventricular end-dia-. . 
stolic volume index was significantly lower in patients .- 
in Group A (59.1 + 22.5 ml/m?) than in patients in 5 
Group B (81.4 + 28.3 ml/m?) (p «0.05). 

Nine patients (81.8 percent) in Group A demon- 
strated 2+ or greater technetium-99m stannous py- 
rophosphate uptake over the right ventricle in addition 
to left ventricular uptake (Fig. 2). This was seen in only 
1 of 22 patients (4.5 percent) in Group B (p <0.001). A 
representative scintigram from a patient in Group B 
with left ventricular inferior technetium-99m stannous 
pyrophosphate uptake without right ventricular uptake 
is shown for comparison in Figure 3. Four patients in 
Group B demonstrated a 3+ or 4+ left ventricular an- 
terior doughnut pattern?! of technetium-99m stannous 
pyrosphosphate uptake. This was not seen in any pa- 
tient in Group A. 

Patients with unstable angina and normal 
subjects: No patient with unstable angina and no 
healthy volunteer demonstrated S-T segment elevation 
in any right precordial lead. The mean right ventricular 


TABLE iV 


Radionuclide Ventriculography and Technetium-99m 
Stannous Pyrophosphate Scintigraphy 


Group A Group B 
(with ECG (no ECG. 
evidence evidence 
of RV MI) of RV MI) ag, CH 
(n 11) (n = 22) p Value ... 
RV EF (96) 47.1111 602-117 «0.01 
RV TWMS* (96) 63.8 + 15.6 94.3: 8.5 «0.001 
LV EF (95) 48.6 à 14.2 48.0 d 17.0 NS 
LV TWMS (%)* 69.0+ 26.6 65.9 + 26.9 NS. 
LV ESVI (mi/m?) 33.2 b 17.9 4294182 NS 
LV EDVI (m/m?) 59.1225 814+ 28.3 «0.05 
RV Tc-99m-PPi uptake 9 (81.895) 1(445%) | «OQ. 001 





* Wall motion scores are expressed as percent of normal wail motion | 
(100 percent). ee 

Values. IR RA RV Tc-99m-PPi uptake are mean + 1 standard de- X 
viation. A í 










^ FIGURE 2. Technetium-99m pyrophosphate (Tc-99m-PPi scintigram 
-o in the anterior (top left), 35° left anterior oblique (top right), 70° left 
anterior oblique (bottom left) and left lateral (bottom right) projections, 

“demonstrating uptake of the tracer over the inferior surface of the left 
_ ventricle and over the right ventricle. in the anterior view, tracer activity 
. &learly extends behind and very slightly to the right of the sternum. In 

the 35? left anterior oblique view, a typical “W” pattern of tracer uptake 
is evident. The position of the septum in this view is identified by a small 
area of relatively decreased activity representing the junction of in- 
farcted left ventricular inferior wall and right ventricular apical seg- 
ment. 


ejection fraction in the three patients with unstable 
angina undergoing radionuclide ventriculography was 
0.64 + 0.09 (range 0.54 to 0.75). Each of these patients 
had a right ventricular total wall motion score of 100 
percent. None of the four patients with unstable angina 
- demonstrated right ventricular technetium-99m stan- 

- nous pyrophosphate uptake. 
Sensitivity, specificity, accuracy and predictive 
. value: The sensitivity, specificity, accuracy and pre- 
+ Gictive value of leads V4R to VR and of individual leads 
ViR through V6R for identifying right ventricular in- 
 farction as defined by technetium-99m stannous py- 
- rophosphate scintigraphy are shown in Table V. The 
sensitivity of 0.1 mV or greater of S-T segment elevation 
~-Inany one of a combination of leads V4R to VR was 90 
“percent for the detection of right ventricular infarction 
- and was better than that using any single right precor- 
- dial lead. Although the specificity of S-T segment ele- 
< vation in lead V;R or V&R (each 96 percent) was mar- 
- ginally higher than that of leads V4R to V&R (92 per- 
cent), the sensitivity of these single leads was only 70 
60 percent, respectively. The accuracy of leads V4R 
(91 percent) was better than that of other leads. 











tive value of S-T segment elevation in any . v 
pads VaR to VeR was 82 percent. Lead VR = -~ 

































FIGURE 3. Technetium-99m-pyrophosphate scintigram displayed ir 
the same projections as in Figure 4, demonstrating uptake of the tracer. 
over the inferior surface of the left ventricle without uptake over the 
right ventricle. In the anterior view (top left), activity clearly does not 
extend to or behind the sternum. in the 35? left anterior oblique view 
(top right), in contrast to that in Figure 4, there is no parasternal activity 
and no configuration consistent with tracer activity over the right ven- 
tricle. DET 


(the equivalent of lead V) had low levels of sensitivity 
(20 percent), accuracy (67 percent) and predictive value - 
(40 percent). With regard to lead V4R, the sensitivity 
(70 percent), accuracy (85 percent) and predictive value 
(78 percent) were all lower than for leads V4R to VeR; 
its specificity (91 percent) was equivalent to that of. 
leads V4R to V&R. = 


Discussion 


It has generally been accepted that conventional 
electrocardiograms do not demonstrate any feature 
specific for right ventricular infarction.!}5 Recent]: 
Chou et al.!? proposed that S-T segment elevation in 


TABLE V 


Sensitivity, Specificity, Accuracy and Predictive Value of : 
S-T Segment Elevation in Right Precordial Leads in 
Diagnosis of Right Ventricular Infarction (n — 33). 





Predictive 
Sensitivity Specificity 
(%) (%) 


V4R-VeR 90 91 91 
VR 10 87 61 
VaR 20 91 6 





























ial ir 
y and. 6 diagnosed fioi. puse aar ders 
stud: | provided no data on the sensitivity and 
his electrocardiographic sign. Similarly, 
evation in lead V4R" and lead CRR!’ 
ygested as a sign of right ventricular in- 
'ccurrence of S-T elevation in these leads 
with infarction in other locations and in 
ibjects has not been defined. 
recordial S-T elevation as a marker of 
r cular infarction: Our data indicate that 
reater S- T segment elevation in one or more 
rdial leads (V4R, V5R or VgR) is both highly 
90. percent) and specific (91 percent) in 
ing patients with right ventricular infarction as 
ied by technetium-99m pyrophosphate scintigra- 
The sensitivity and accuracy of this lead combi- 
ation are better than those of lead V4R or any other 
ngle right precordial lead. The specificity of S-T seg- 
ent elevation in leads V4R to VgR is equal to that of 
leads V4R (91 percent) and VoR (91 percent), this latter 
lead being the equivalent of lead V;. The predictive 
alue of S-T segment elevation in leads V4R to VR (82 
percent) is higher than that in leads V4R (78 percent) 
and VoR (40 percent). Furthermore, S-T segment ele- 
vation in leads VaR to VeR was not seen in any patient 
with unstable angina or in any normal subject. 
Correlation with radionuclide myocardial 
imaging: The use of technetium-99m stannous pyro- 
phosphate scintigraphy as the standard for defining 
right ventricular infarction in this study afforded us the 
opportunity to evaluate the electrocardiogram not only 
in patients coming to postmortem examination or those 
equiring invasive hemodynamic monitoring, but also 
in those with an uncomplicated course. It has been well 
documented that, in the presence of acute myocardial 
infarction, there is excellent agreement between the 
ocalization of technetium-99m stannous pyrophos- 
hate uptake and myocardial necrosis.?9?95? In addi- 
. technetium-99m stannous pyrophosphate scin- 
iphy has been usefully employed to diagnose right 
cular infarction.*9 Radionuclide ventriculography 
d in this study te corroborate the technetium- 
tannous pyrophosphate findings of right ven- 
cular infarction.?!9 A potential problem with diag- 
ng right ventricular infarction with radionuclide 
iculography alone is that right ventricular function 
be depressed by either ischemia or infarction. 
vever, in our patients a right ventricular ejection 
tion below 0.50 and a right ventricular total wall 
ion score below 75 percent determined with radio- 
: ventriculography correlated with right ven- 
farction as determined by technetium-99m 
JYT: phosphate scintigraphy in the majority 



































































logenes i "The pathogenesis of S-T segment 
recordial | leads is not clear. As 
d Siogren,?!. this phenomenon 


uiy.s 

E. “Erhardt e et al 15 sated that ri Ts segn ent. 
elevation in lead CR4R, a bipolar lead spanning the right i 
arm and the fifth intercostal space in the right mid 
clavicular line, was valid for the diagnosis of right ven- 
tricular infarction only in the absence of anteroseptal 
infarction. Our series included four patients with 
transmural anteroseptal myocardial infarction (one of 
whom displayed a ‘doughnut” technetium-99m stan- 
nous pyrophosphate scintigraphic pattern), three pa- 
tients with extensive transmural anterior infarction (all 
with a doughnut technetium-99m stannous pyrophos- - 
phate pattern), four patients with subendocardial an- _ 
terior infarction and four patients with transmural in- 
ferolateral infarction. Right ventricular technetium- 
99m pyrophosphate uptake did not occur in any of these. 
patients. S-T segment elevation in leads V4R to VeR was. - 
seen in only one of these patients who demonstrated 
electrocardiographic and scintigraphic features of 
transmural anteroseptal myocardial infarction, but who 
also had historical and electrocardiographic evidence 
of previous true posterior infarction; because infarction 
of the anatomic posterior (“inferior”) wall usually ac- 
companies right ventricular myocardial infarction,??? 
previous right ventricular infarction may have acted as 
an “electrocardiographic window” allowing visualization 
of the infarcted septum in this patient.?! 

Prognosis: It has been suggested that 5-T segment 
elevation either in ead CR4R!? or in lead V;,'* in asso- 
ciation with inferior myocardial infarction implies a 
poor short-term prognosis with a high incidence rate of 
death, hypotension and right heart failure. This was not 
substantiated in our series: no patient with S-T segment 
elevation in leads V4R to VR died in the hospital. Only 
one patient demonstrated systemic hypotension and 
oliguria requiring administration of fluids and vaso- 
pressor agents. 

Incidence: Às pointed out by previous investiga- 
tors, 45933 the incidence of right ventricular myocardial 
infarction is more frequent than would be supposed 
from clinical and hemodynamic findings alone. In our 
study of 21 unselected patients with transmural inferior, 
inferolateral or posterior myocardial infarction, tech- 
netium-99m stannous pyrophosphate scintigraphy . 
demonstrated right ventricular infarction in 10 (47.6 
percent). This is similar to the 19 to 43 percent incidence 
rate from studies utilizing hemodynamic measurements 
and radionuclide myocardial imaging.*?953 Our study 
indicates that right precordial electrocardiography 
provides a noninvasive, simple and generally available _ 
means of detecting right ventricular infarction. Use of : 
this diagnostic technique should allow earlier recogni- 
tion of right ventricular infarction as the cause of he- © 
modynamic choise las after Pansat inferior 
myocardial infarction. : 
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ent) and specific - E 
; tify: ight ventricular in- — 
ion, as defi ed by technetium-99m stannous py- 
hate scintigraphy. ‘The combination of leads 
VR and V¢R is better than any individual lead in 
dicting the presence of right ventricular infarction. 

ds. ViR, VoR and V3R are less helpful. S-T segment 
tion in leads V4R to V&$R is valuable in identifying 
nts with a right ventricular ejection fraction below 
0 and a right ventricular total wall motion score 
ow 75 percent in the setting of acute myocardial in- 
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plications ‘of Anterior ST ! Segment Depression i 
Í th Acute Inferior Myocardial Infarction | 
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To assess various factors associated with anterior S-T segment depression 
during acute inferior myocardial infarction, 47 consecutive patients with. i 
electrocardiographic evidence of a first transmural inferior infarction were. _ 
studied prospectively with radionuclide ventriculography an average of - 
7.3 hours (range 2.9 to 15. 3) after the onset of symptoms. Thirty-nine - 
patients (Group |) had anterior S-T depression in the initial electrocardi- 
ogram and 8 (Group Il) did not have such “reciprocal” changes. There 
was no difference between the two groups in left ventricular end-diastolic - 
or end-systolic volume index or left ventricular ejection fraction. Stroke 
volume index was greater in Group | than in Group Il. There were no group | 
differences in left ventricular total or regional wall motion scores. A weak 
correlation existed between the quantities (mV) of inferior S-T segment 
elevation and reciprocal S-T depression. No relation between anterior 
S-T segment depression and the left ventricular end-diastolic volume index 
could be demonstrated; the extent of left ventricular apical and right- 
ventricular wall motion abnormalities, both frequently associated with 
inferior infarction, did not correlate with the quantity of anterior S-T de- 
pression. 

These data show that anterior S-T segment depression occurs com- 
monly during the early evolution of transmural inferior infarction, is not 
generally a marker of functionally significant anterior ischemia and cannot 
be used to predict left ventricular function in individual patients. Anterior 
S-T segment depression may be determined by reciprocal mecha- - 
nisms. 


Although persistent resting anterior precordial S-T segment and T wave 
abnormalities after inferior myocardial infarction correlate with the 
presence of associated left coronary artery disease,! the significance of 
*reciprocal" anterior S-T segment depression early in the course of in-- 
ferior myocardial infarction is unclear. This latter phenomenon may. 
represent mirror imaging of S-F elevation occurring over the posterior: 
left ventricular wall,?-4 but it has also been suggested that it results from. 
additional anterior ischemia? or posterolateral infarction. Patients with 
reciprocal anterior S-T segment depression have been reported to have 
more extensive left ventricular dysfunction and a more morbid clinical 
course than other patients with acute inferior infarction." Our study 
was designed to define whether functionally significant myocardial 
ischemia in other regions determines the presence of reciprocal anterior 
S-T depression i in patients with acute inferior myocardial infarction; the 
influence of alterations of left ventricular volumes and associated right. 
ventricular dysfunction on the presence and magnitude of anterior S- 
depression was also evaluated. v 





. Patient selection: Fo xe | 
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3 at end of each tracing = 1.0 mV/deflection. 





. Dallas, Texas. They constituted part of a larger trial designed 
-to investigate the limitation of infarct size by drug interven- 
tions. The diagnosis of myocardial infarction was based on a 
history of severe ischemic chest pain lasting at least 30 minutes 
_...and followed by elevation of serum levels of both total ereatine 
| kinase (CK) and the CK-B isoenzyme®? and by electrocar- 
diographic evidence of new Q waves at least 30 ms wide and 
. 0.2 mV deep in two or more of the inferior leads (II, III, aVF). 
Patients in whom a radionuclide ventriculogram could not be 
obtained within 18 hours of the onset of pain, and those with 
abnormal Q waves in any other lead, historical or electrocar- 
diographic evidence of previous infarction, left bundle branch 
.; block, artificial pacemakers, cardiogenic shock or evidence of 
_. other forms of heart disease were excluded. In addition, age 
greater than 75 years, pregnancy, acute cerebrovascular dis- 
_ ease and other advanced or terminal illness constituted ex- 
-clusion criteria. Because therapeutic interventions differed 
among these patients involved in an on-going blinded, ran- 
^ domized trial of interventions to reduce infarct size, those 
— clinical, electrocardiographic and scintigraphic data obtained 
. . before intervention therapy form the basis of this report. 
^ . . Bleetrocardiographic analysis: The electrocard iogram 
< obtained on admission was evaluated for S-T segment eleva- 
-tion and depression. S-T segment elevation in the inferior 
_leads (II, HI, aVF) was defined as 0.1 mV or greater S-T seg- 
>: ment deviation above the T-P segment 0.02 second after the 
. dJ point. Depression in the anterior leads (V, to Vo, I, a VL) was 
... defined as 0.1 mV or'greater, S-T segment deviation below the 
7 T-P segment 0.08 second after the J point. The maximal S-T 
- elevation in an inferior lead (H-ST1) and the maximal S-T 
. depression in an anterior lead (H-ST|) were noted. In addi- 
_tion, the number of inferior leads with S-T elevation (N -ST1), 
ehe number of anterior leads with S-T depression (N-ST}) and 
e summed anterior S-T depression (E-ST |) were noted. An 
elevation score (S-ST*) for the inferior leads and S-T 
ion score (S-ST|) for the anterior leads were derived 
atient by the following formulas: (S-ST1)  (H-ST1) 















f and (S-ST}) = ( | 
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: FIGURE 1. Representative electrocardiograms from a patient in Group |, demonstrating inferior infarction and “reciprocal” anterior S-T 
... depression (panel A) and from a patient in Group II, demonstrating inferior infarction without anterior S-T segment depression (panel B). Standar tation 
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The 47 patients were separated into two groups: Groug 
included 39 patients with S-T depression of 0.1 mV or greate 
in at least one anterior lead and Group II included 8 patien 
with no anterior S-T depression (Fig. 1). Patients in eas 
group were assessed for factors known to affect the S-T se 
ment and were compared with regard to age, sex and corona 
risk factors. ee 

Radionuclide ventriculography: All patients underwent 
radionuclide ventriculography a mean of 7.3 hours (range 2 
to 15.3) after the onset of symptoms and 4.1 hours (range 
to 11.7) after the admission electrocardiogram was obt 
Anterior S-T segment depression was still present att 
of radionuclide ventriculography in 37 of the 39 p. 
Group I. Multigated equilibrium blood pool scintigra: 
performed in the anterior and 70? left anterior obliq 
and in a modified 45? left anterior oblique view all 
definition of the interventricular septum after in vive 
of erythrocytes with 30 millicuries (mCi) of technet 
sodium pertechnetate.!? A first pass technique w 
to image the right ventricle in 36 patients in Group ] 
7 patients in Group II. Data collection was performec 
standard gamma scintillation camera (Ohio Nuclear 
100) equipped with an all-purpose parallel hole collim 
interfaced with a dedicated on-line computer system. 
Nuclear VIP 450). All studies were gated for 32 frames 
cardiac cycle and collected to achieve an average of | 

counts/frame. All data were stored on magnetic t; 
subsequent analysis. Pam 
The left ventricular ejection fraction was calcul 
standard technique using the background-corrected : 
from the region of interest constructed over the ver 
end-systole and end-diastole.!! Left ventricular vol 
calculated by a nongeometric technique recently dex 
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5 Posteroseptal Basal 
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13) and inferior (4.5,6,7) regions. 





ments (Fig. 2), and tae motion of each was graded ac- 
ding to the following scale: 3 = normokinesia, 2 = mild 
ypokinesia, 1 = severe hypokinesia, 0 = akinesia, —1 = dys- 
inesia. Segmental scores for each patient were added to give 

otal wall motion score that was expressed as a percent of the 

<imal possible score. In addition, regional wall motion 
yres were derived in the same way for the inferoposterior 
:xments 4, 5, 6 and 7), anteroseptal region (segments 
2), anterolateral wall (1, 2, 9, 10, 14 and 15) and apex 
(3) (Fig. 2). Right ventricular ejection fraction was 
ad from the baekground-subtracted time-activity 
bjective analvsis of right ventricular wall motion 
ed using five segments and the same grading 























aracteristics of Patients With Acute Inferior 
ial infarction 






















Group Il” 
(n = 8) p Value 


50.5 + 9.2 NS 
44.5 + 27.6 NS 





4349.2 
35.6 + 27.0 


28; 7295 
4; 10% 


4; 5096 NS 
2; 2596 NS 


20; 51% 4; 50% NS 


6; 7596 NS 
1; 1395 NS 
113% NS 











6 Basal Posterior 
7 Apical Posterior 


9 Apical Anterior 
40 Basal Anterior 





11 Basal Septal 
42 Apical Septal . 
13 Apical (Posterior) | 
44 Apical Lateral 
45 Basal Lateral —— 





Segments of the teft ventricle in the anterior, 70° left anterior oblique (70° LAO) and modified 45° left anterior oblique {45° LAO) views = < 
e a total wall motion score. Regional wall motion scores were derived for the anteroseptal (11,12), anterolateral (1,2,9, 10,14, 15), 


system as for the left ventricle; a right ventricular total wall 
motion score was derived in an identical fashion. Each study 
was reviewed by two investigators who were unaware of the 
electrocardiographic and clinical information. When differ- 
ences in interpretation occurred, they were resolved by dis- 
cussion at that time. Inter- and intraobserver variability in 
interpreting wall motion scores was 6 percent. | 
Cardiac catheterization: Cardiac catheterization was 
performed for standard clinical indications in eight patients ^... 
in Group I a mean of 6 weeks (range 2 to 16) after admission. B 
Single plane right anterior oblique contrast ventriculograms 
were analyzed subjectively for regional wall motion abnor- 
malities. Multiple views of the right and left coronary arteries. pe 
were obtained by selective coronary arteriography. 
Hypokinesia was defined as moderate or mild impairment 
of regional systolic motion, akinesia as the absence of regional © 
systolic motion, and dyskinesia as a. paradoxical outward 
systolic expansion. Coronary arterial stenoses greater than 50 
percent of the intraluminal diameter were considered signif- —— 
icant lesions. Stenoses of large diagonal or marginal branches 


TABLE N — | ME 
Factors Affecting the S-T Segment in Patients With Acute 


Inferior Myocardial Infarction : 


tae rime m 








Group | A Group il 
(n = 39) (n = 8) 
07134 148 72.1 6.0 
| ^ 5; 1396 1; 1396 
1; 1396 


p Value | 





Heart rate (beats/min)* 

Hypokalemia! (n; 95) — 
Hypocalcemia* (n; 96) - 
Digitalis treatment in; 95) ——— 
Left ventricular hypertrophy — 


Me. 





t onary a ery w was defined as 
occurring before the first septal perforator. ns 
ical analysis: Comparison between proportions i in are presented as the mean E 1 standard « 
groups possessing a certain attribute was made using | 
exact test.!? Because of the skewed nature of the Results. 


y* 


tions of the variables, nonparametric procedures were ee ae ee 
d in the statistical analyses. When assessing whether Group comparisons. (Tables I an 

ot a significant difference existed between the groups on Group I patients (with anterior S-T dep 

basis of a quantifiable attribute, Mann-Whitney’s U sta- from 35 to 74 years (mean 54.3 + 9. 35 ! 


le trocardiographic Findings, Left Ventricular Volumes, Left and Right Ventricular Ejection Fractions, and Le 
entricular Wall Motion Scores in Patients With Acute Inferior Infarction 


| LV 
(H-STÍ) |. ,  (H-STj)  EDVI ESVI TWMS AS AL A TWN 
(N-STT) — (mV) — (N-STj) (mV) (m/m?) (m/m?) LVEF (96) | (96) (96) | (99) (99) RY 


Group 1 (with anterior S-T segment depression) 


96.3 
63.0 
68.5 
44.4 
72.6 
100 
97.6 
54.4 
83.0 
78.2 
86.7 
100 
81.0 
29.8 
85.7 
88.1 
77.8 
95.6 
78.2 
78.6 
66.7 
55.6 
61.9 
92.9 
79.8 
76.7 1| 
845 
42.2 
88.9 
100 
92.9 
47.6 
42.9 
95.6 
88.9 
73.8 
100 — 100 
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ar ical wail motion score; AL = anterolateral wall motion scor 
stolic volume, index; y= 
| = inferio 








36. : 31.7 + 22.5 NS 
0.554013 — 0.53 t 0.16 NS 
39.1 140 — 26443 130 «0.05 

















































+ 1 standard deviation. 
iastolic volume index; ESV! = end-systolic volume 
ft ventricular ejection fraction; SVI = stroke volume 





that in Group II (no anterior S-T depres- 
. 39 to 68 years, mean 50.5 + 9.2). Likewise, 
as no difference between the groups with regard 
stribution, the incidence of arterial hyperten- 
iabetes mellitus or the cumulative amount of 
rette smoking (pack years). Thirty patients (77 
ent) in Group I and 6 (75 percent) in Group II were 
idered to be in Killip functional class I'* on ad- 
aission. — 
The prevalence of factors that may have affected the 
- T segment is shown in Table II. There were no dif- 
. ferences between the groups. Four patients in Group I 
and one in Group II had a serum potassium level below 
.5 mEq/liter during tue first 48 hours after admission, 
and one patient in Group I had a transiently low serum 
calcium level (6.6 mg/dl). No patient in either group had 
lectrocardiographic evidence of left ventricular hy- 
ertrophy, and no patient was taking digitalis glycosides 
t the time of the admission electrocardiogram. 

Time course of anterior S-T segment depression: 
"he anterior S-T segment depression obtained in Group 
was still present at the time of acquisition of the ra- 

uclide ventriculograms in all but two patients. S-T 

ent depression lasted 4 hours or less in three pa- 
; (11.5 percent). S- T segment depression had re- 
i all but five patients (12.8 percent) by the 3rd 
atient had residual S- T depression at the time 
arge from the hospital. 
right ventricular function: Individual 
iographic findings, left ventricular volumes, 
ght ventricular ejection fractions, and left and 
entricular wall motion scores are shown in Table 
ale IV presents left ventricular volumes measured 




















021. 824-240 NS 
d2 05440.15 NS 






all motion (100%). Valuesare — 


LV TWMS 7.0 + 19.0 78.2 + 20.5 
R-AS 83.8 + 21.3 83.3 + 30.5 
R-AL 88.4 + 14.7 69.9 + 12.1 NS 
R-A 62.1 + 31.4 52.8 X 45.0 NS 
R- 62.7 + 30.9- 74.3 +21.4 NS 


Values are mean + 1 standard deviation. Scores are expressed as 
a percent of normal wall motion (10096). 

LV TWMS = left ventricular total wall motion score; n = number of 
patients; R-A = apica! regional wall motion score; R-AL = anterolateral 
regional wall motion score; R-AS = anteroseptal regional wall motion 
score; R- = inferior regional wall motion score. 


by radionuclide ventriculography in the patients in the 


two groups. While there were no differences in left. ; 
ventricular end-diastolic volume index, end-systolic — 
volume index and ejection fraction between the two 7 


groups, stroke volume index was significantly higher in 
Group I than in Group II (39.1 + 14.0 versus 26.4 + 13.0 
ml/m?, respectively; p «0.05). There was a close ap- 
proximation between left ventricular total wall motion 
scores in the two groups and, when regional left ven- 
tricular wall motion scores were considered, there were 
again no statistically significant differences (Table V). 
Right ventricular total wall motion score and right 
ventricular ejection fraction also were similar in the two 
groups (Table VI). 

Because of the possibility that S-T segment de- 
pression in leads I and aVL, as opposed to that in leads 
V, to Ve, might reflect different pathophysiologic 
mechanisms, the data were also analyzed using 5-T 
depression in leads V; to Vg only, to define patients in 
Group I. Group I then consisted of 29 patients with in- 
ferior infarction with associated S-T segment depression 
in at least one of the leads V, to Vg, and Group II com- 
prised 18 patients without such associated S-T de- 
pression. When these redefined criteria for associated 
S-T segment depression were used, there was again no 
significant difference between patients in Groups I and 


II in left ventricular end-diastolic volume index (74.6 - 


+ 27.7 versus 67.8 + 27.0 ml/m?), end-systolic volume 









index (35.9 + 17.2 versus 35.0 + 20.4 ml/m?), ejection - 


fraction (0.54 + 0.12 versus 0.55 + 0.14) or stroke volume 
index (38.7 + 14.7 versus 32.8 + 14.0 ml/m?). There was 


TABLE Vil 


Comparison of indexes of Inferior S-T Segment Elevation . r 














Group | Group Il E 
(n = 39) (n = 8) p Value - 
(N-ST) — 27 + 0.7 15414 
(HS T (mV) 0240.13 — 0.113: 0.07 
.(S-ST) 0.69: 0.45 ^ 0.24027 
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atin idexes of Anterior S.T Segment Depressio ndexe: 


te Index, and Right Ventricular and Apical Involvement in Patients With Infe 












(H-ST*) 


0.31 (NS) 
0.52 («:0.001) 
0.42 («0.01) 


(S-ST1) 


0.29 (NS) 
0.50 (<0.005) 
0.37 (<0.05) 











0.16 (NS) 
0.22 (NS) 
0.18 (NS) 






—0.11(NS) _ 
—0.20 (NS) 
—0.18 (NS) 


—0.20 (NS) 
—0.27 (NS) 
—0.27 (NS) 





—0.24 (NS 







TD — 016 (NS) 





...0.39 (0.05) 0.35 (<0.05) 












DVI = end-diastolic volume index (mi/m?), (H-ST 
one anterior lead (mV); LVEF = left ventricular ej 














anterior S-T depressions of 0.1 mV or greater. 





also no significant difference between Groups I and II 
An left ventricular total wall motion score (77.2 + 17.4 
versus 77.3 + 18.9 percent), regional anteroseptal wall 
_ motion score (83.6 + 21.9 versus 83.8 + 24.8 percent), 
. anterolateral wall motion score (88.3 + 14.7 versus 89.2 

-+ 13.8 percent), apical wall motion score (62.5 + 30.0 
percent versus 57.4 + 40.0 percent) or inferior wall 
motion score (62.7 + 31.9 versus 67.8 + 26.2 percent). 
|... Pathogenesis of anterior S-T segment depression: 
.. The role of various factors in the pathogenesis of “re- 
... Ciprocal" anterior S-T segment depression was evalu- 
. ated. These included the extent of inferior S-T segment 
_ elevation, left ventricular ejection fraction, left ven- 
_ tricular end-diastolic volume index and the extent of 
_ total right ventricular and left ventricular apical wall 
. motion abnormalities. Table VII illustrates that the 
. number of leads with inferior S-T elevation (N-ST^) 
.. was significantly higher in Group I than in Group II (p 
|... &0.05) as was the maximal inferior S-T elevation in a 
. single lead (H-ST1) (p «0.005), and the S-T elevation 
. score (S-ST1) (p «0.01). While greater S-T segment 
-= elevation inferiorly was associated with “reciprocal” 

«anterior S-T depression, correlations between various 
juantitative measurements of inferior S-T elevation 
ind anterior depression in Group I were weak (Table 













~ Cardiac Catheterization Findings in Eight Patients (Group I) 
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—0.29 (<0.05) 
alues are correlation coefficients. Numbers in parentheses are probability values. S 
Vi = i) = maximal observed S-T elevation in any one inferior lead (mV); (H-ST |) max 
riea | | tion fraction; (N-ST | ion of 
“= number of anterior leads showing S-T depression of 0.1 mV or greater; R-^ = left ventricular apical wall motion s. 
tricular total wall motion score; (S-ST1) = inferior S-T elevation score; (S-S ^|) = anterior S-T depression score; (2 
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—0.12(NS) — —0.24 (NS) ‘ 





) = number of inferior leads showing S-T elevation o 














VIID. There was a moderate correlation be 
ST) and (H-ST}) (r = 0.52) and between (S-S 
(H-ST|) (r = 0.50), but correlations between othe 
dexes of S-T elevation and depression were weal 
absent. No relation existed between left ventri j 
ejection fraction and measurements of anterior. 
segment depression (Table VIII). This was true also f 
the left ventricular end-diastolic volume index. 
correlation was demonstrated between the extent o 
either total right ventricular or left ventricular ap 
wall motion abnormalities and the presence or abse 1 
of anterior S-T depression. | Izd 
Cardiac catheterization findings: Three of th 
eight patients in Group I undergoing catheterizati 
had no disease of the left coronary system (Table IX 
four had a normal left anterior descending coron 
artery. Two patients had triple vessel coronary disease 
three had two vessel disease and no patient had signif: 
icant involvement of the left main coronary artery. 
eight patients had inferior wall motion abnorma 
by left ventriculography. Two of the eight patien 
additional apical involvement and one pai 
posterior and low septal hypokinesia. No pa 
identifiable anterior left ventricular wall mo 
normalities. | xL. 
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ators accept the principle 
reciprocity as a fundamental electro- 
ory,?-4 solid supporting evidence is 
Rakita et al.!ë found depressed S-T 
icardial leads on the posterior left ven- 
fter left anterior descending coronary 
n, and concluded that it was due to re- 
|ianges occurring over normal myocardium 
an area of ischemic S-T elevation. Later, it was 
"from precordial S-T segment mapping 
8 that the S-T depression observed in the 
pper part of precordial maps in patients with inferior 
yyocardial infarction results from a reciprocal view of 
iferoposterior S-T elevation. Some investigators’? have 
ot been able to demonstrate displacement of S-T 
egments in endocardial or cavitary leads after epicar- 
ial injury producing S-T segment elevation. Moreover, 
reciprocal" S-T segment changes in animal experi- 
ments cannot be equated with precordial 5-T segment 
depression in patients because clinical recordings are 
heavily dependent on variations in the location of the 
ischemic zone," the position of the heart in the chest," 
the distance of the exploring electrode from the ische- 
mic boundary”?! and the inhomogeneity of the con- 
_ ducting medium between the heart and the body sur- 
.. face? The angle subtended between the electrode and 
_ ischemic zone”? and the precision with which bounda- 
ries between ischemic and nonischemic tissue are pro- 
jected onto the chest wall!” are also factors that likely 
determine the magnitude and direction of S-T segment 
deviation in surface electrocardiographic leads. 
_ Reciprocal anterior S-T segment depression in 
nferior myocardial infarction: Several recent studies 
have dealt with various aspects of "reciprocal" anterior 
S-T segment depression associated with acute inferior 
nyocardial infarction.” Shah et al? concluded, on the 
basis of radionuclide ventriculographic studies and 
creatine kinase measurements, that "reciprocal" ante- 
3- T segment depression reflected the presence of 
mia or infarction in areas remote from the inferior 
Goldberg et al. found that patients with "recip- 
cal" anterior S-T depression had a lower left ven- 
ular ejection fraction and a higher peak creatine 
kinase value than did patients without this electrocar- 
graphic finding, and that anterior S-T depression 
ied to correlate with segmental posterolateral left 
entricular wall motion abnormalities. Finally, Salcedo 
-al7? found a wide prevalence of left anterior de- 
ding coronary disease in patients with "reciprocal" 
pression when coronary angiography or autopsy 
ed within days to weeks after inferior in- 
ise studies imply that “reciprocal” anterior 
ment depression associated with transmural 
farction is a marker of more severe left ven- 
1 eater infarct size or a more 
Our study deals only with the 
diographic findings to con- 
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These differences in patient selection and timing ^. 
probably account, at least in part, for the apparent 
differences in our findings and those of Shah? and. 
Goldberg? and their associates. Results from a retro- 
spectively collected group of patients such as that of 
Salcedo et al.,? selected on the basis of postinfarction 
ischemic symptoms or death, and analyzed on the basis 
of electrocardiograms obtained at undefined time pe- 
riods after myocardial infarction cannot be meaning- 
fully compared with the results of our study. We em- 
phasize that evolving myocardial infarction is a dynamic 
process and that our observations and conclusions 
pertain only to the early stage (first 18 hours) of evolving 
transmural inferior infarction. In our patients with in- 
ferior infarction, there was no difference in inferior wall 
motion scores between the two groups despite utiliza- 
tion of a 70? left anterior oblique view in an attempt to 
obtain the best possible view of this area. Because the 
inferior region incorporates the posterolateral segment, 
it seems unlikely that additional posterolateral infarc- 
tion produced anterior S-T depression as suggested 
previously.9 Similarly, the absence of more severe an- 
terior wall motion abnormalities in those With anterior 
S-T depression argues that functionaily significant 
anterior ischemia is not usually responsible for this 
electrocardiographic finding. This conclusion is further 
supported by the finding that three of eight patients 
with early “reciprocal” S- T depression were shown to 
have isolated disease of the right coronary artery at 
catheterization within 16 weeks of infarction. 

Relations between anterior S- T depression and 
regional and global cardiac function: In further 
contrast to recent studies of “reciprocal” S-T depression ` 
in inferior myocardial infarction," we performed 
quantitative analyses of the relation of S-T segment 
deviations in the anterior and inferior leads, and of the 
relation of such changes to regional and global cardiac 
function. Our data reveal that there was significantly 
more inferior S-T elevation in the group with “recip- 
rocal" changes than in those without (Table VII) and - 
that there was a moderate correlation between the. 
magnitude of inferior S-T elevation and that of anterior . 
S-T depression. This suggests that the magnitude of _ 
S.T segment elevation at least partially determines — 
whether anterior S-T segment depression occurs. We - 
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analyzed the possible influence of associated apical 
ischemia, of right ventricular ischemic involvement and _ 
of left ventricular chamber size on observed anterior 
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er rima REA and additional myo- 
bap In a of the findings of our i etudy, 


bee not a no with additional eae 
nificant myocardial ischemia. Fifteen patients with 
te transmural anterior infarction without previous 
tion were evaluated. Each patient had pathologic 
s, as previously defined, in at least two of the six 
precordial leads or in leads I and aVL, or both. No pa- 
ient had pathologic Q waves in the inferior leads. Ad- 
.' mission electrocardiograms were analyzed as previously 
- outlined. These 15 patients were divided into Group A 
:c..(8 patients — with at least 0.1 mV of S-T segment de- 
pression in at least one inferior lead) and Group B (7 
« patients without such S-T depression). Each of these 
- patients underwent radionuclide ventriculography at 
=. an average of 6.9 hours (range 2.8 to 14.0) after the onset 
. of symptoms and 4 hours (range 1.4 to 11.9) after the 
|. admission electrocardiogram was acquired. No statis- 
p tical difference was demonstrated between patients in 
|... Groups A and B, respectively, in left ventricular end- 
.. diastolic volume indes (105.3 + 41.1 versus 76.0 + 23.6 
. ml/m?), end-systolic volume index (64.8 + 29.2 versus 
*— 48,8 + 18.1 ml/m?) or left ventricular ejection fraction 
_ 0.42 + 0.10 versus 0.34 + 0.11). There was also no sig- 
. nificant difference between Groups A and B in left 
-. ventricular total wall motion score (54.7 + 13.0 versus 
49.9 + 13.9 percent), regional anteroseptal wall motion 
score (44.0 + 28.0 versus 51.7 + 31.4 percent), regional 
. anterolateral wall motion score (68.7 + 17.2 versus 65.6 
i 9.1 percent), regional apical wall motion score (3.6 + 
21.2 versus 0 + 23.9 percent), or regional inferior wall 
motion score (85.7 + 11.5 versus 70.0 + 36.6 percent). 
These findings in patients with anterior myocardial 
.. infarction lend added support to our general conclusion 
—.in patients with inferior myocardial infarction that 
x- “reciprocal” S-T depression during acute transmural 
. infarction is not usually a marker of additional ischemic 
depression of ventricular function. 
_ Weare therefore unable to explain the phenomenon 
-< of anterior S-T depression in patients with acute inferior 
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of S- Ts a PERA at the Dei d f 
areas,^?? and at the periphery of transmu 
infarction!? has been demonstrated, and i 
suggested that such S-T segment depression ; T 
areas overlying normal and hyperemic flow zone 
periphery of the ischemic zone.” It is suggested tha 
shape of this ischemic zone?9?? and the particular 
tial orientation of the precordial electrodes with reg: 
to its periphery may determine the ultimate polar 
and magnitude of TQ-ST segment deflection. 2628 

Implications: We conclude that "reciprocal" anterio 
S-T segment depression occurs commonly during earl 
evolution of acute inferior transmural myocardial in 
farction, that it is not generally caused by functionally 
important anterior ischemia and that it is not associated. 
with more left ventricular dysfunction than is found in 
patients without such S-T segment depression. 
Therefore, the finding of anterior S-T depression would. 
seem to be of little value i in predicting left ventricular 
function in the individual patient early in the evolution. 
of inferior myocardial infarction. The presence of an- 
terior S-T segment depression is related to the magni 
tude of the inferior S-T segment elevation, but the ab 
solute amounts of S- T depression and elevation corre 
late poorly. “Reciprocal” phenomena at least partia 
determine whether anterior S-T segment depression i is 
present early in the evolution of acute inferior myo 
cardial infarction. 
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AOIW— A 
LIPID REGULATOR 


JVLAY COME CLOSER 
IO THE GOAL OF 


THERAPY FOR CERTAIN 
DYSLIPIDEMIAS 





i » ii 
INTRODUCING 


«T br O1 ), = capsules 


FAVORABLY REGUIATES THE BALANCE 
OF LIPID FRACTIONS IN 
CERTAIN DYSLIPIDEMIAS 


For treatment of adult patients with very high 
serum triglyceride levels (type IV hyperlipidemia) 
who present a risk of pancreatitis e who 
do not respond to diet 


1/ LOPID LOWERS ELEVATED SERUM LEVELS of THE 
VLDL FRACTION (very-low-density lipoproteins implicated 
in dyslipidemia). 
Studies in humansalsoshow LOPID inhibits peripheral lipolysis and decreases hepatic 
extraction of free fatty acids — thereby reducing hepatic triglyceride production. 
LOPID also inhibits synthesis of VLDL carrier apoproteins, thereby decreasing : 
VLDL production. C 
2/ LOPID MAY ALSO RAISE SERUM LEVELS 
of THE HDL FRACTION (high-density 
lipoproteins believed to transport cholesterol to 
the liver for catabolism and excretion). 
Studies in animals suggest LOPID may also accelerate hepatic 
turnover and removal of cholesterol — thereby increasing 
cholesterol excretion. 






d LARGEST STUDY" (U.S. MULTICENTER 
STUDY, 427 PATIENTS) DEMONSTRATES 
LIPID-REGULATING PROFILE OF 

h LOPID® (gemfibrozil) SEEN IN ALL U.S. 
p | AND INTERNATIONAL STUDIES' 


Summary of results with LOPID in controlled phase of US Multicenter Study: 


1 y; average percent change from baselines at recommended dosage: 1200 mg/day!” 
š +60) % 





+40% 





-20% to Total-C 





—60 % 





Difference between groups significant: tp- 0.01 £p--0.05 
EX lvpe Ila N = 54 [ ] Type llb N = 18 [ ] Type IV N — 108 


“Data cited on this graph reflect clinical experience based on the multicenter trial. It does not 
imply an indication for tvpes Ia and IIb dvslipidemias. 





- 0 LOPID DID NOT PRODUCE 
SIGNIFICANT ABNORMALITIES IN 
CLINICAL AND LABORATORY 
EVALUATIONS’ 


No. of Patients Clinically Significant 
ey. Studies Evaluated Abnormalities’ 
| d Hematologic s None 
A Liver Function x None 
x Renal Function None 
pes ` Lithogenic Potential 37: Limited (1%/year) 


Ophthalmologic 55 None 
ECG None 


FOccastonal laboratory deviations have been reported Appropriate periodic tests are recommended 








REUS 2 LOPID OFFERS CONVENIENT 
interpretation BID DOSAGE —two 300-mg capsules, taken 30 
of HDL in minutes before morning and evening meals. 
bloodstream 

Please see last page of this advertisement for brief summary of prescribing 


information. Diet, exercise, and weight loss are first choice in therapy of lipid 
disorders. 


Monograph of clinical and laboratory studies available upon request. 


PARKE-DAVIS 


LOPID* (gemfibrozil) Capsules 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


CLINICAL PHARMACOLOGY. LOPID is a lipid regulating agent which lowers elevated 
serum lipids primarily by decreasing serum triglyceride with a variable reduction in total 
serum cholesterol. These decreases occur primarily in the very low density lipoprotein 
(VLDL) fraction and less frequently in the low density lipoprotein (LDL) fraction. In addition. 
LOPID may increase the high density lipoprotein (HDL) cholesterol fraction, an action con- 
sidered of possible benefit to inhibition of the atherosclerotic process. 

The mechanism of action has not been definitively established. In man, LOPID has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty 
acids, thusred&cing hepatic triglyceride production. LOPID also inhibits synthesis of VLDL 
carrier apoprotein, leading to a decrease in VLDL production. 

Animal studies suggest that LOPID may, in addition to elevating HDL cholesterol, reduce 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of cholesterol from the liver, and increase excretion of cholesterol in the feces 

LOPID is well absorbed from the gastrointestinal tract after oral administration. Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following single 
doses and 1.3 hours following multiple doses. Plasma levels appear proportional to dose 
and do not demonstrate accumulation across time following multiple doses. 

LOPID mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
methyl and a carboxyl metabolite. Approximately seventy percent of the administered 
human dose is excreted in the urine, primarily as unchanged gemfibrozil. Six percent of the 
dose is accounted for in the feces. 

In a large, controlled multicenter trial of 427 patients, lipid and lipoprotein changes from 
average baseline (?6) by nyperlipoproteinemic (HLP) type are summarized below for those 
patients receiving gemfibrozil, 1200 mg/day, at the end of 12 weeks. 


TRIGLYCERIDE CHOLESTEROL RATIO: 
HLP Tota! VLDL LDL HDL HDL Cholesterol 
Type Total Cholesterol 
lla —4496 —4.2% —44 3% —5.896 +24 6% +33% 
Ilb —4596 —8.6% —45 0% —6.496 +19.5% +34% 
IV —4096 —1.8% —40.8% +14. 6% +17.4% +23% 





INDICATIONS AND USAGE. Drug therapy should not be used for the routine treatment ct 
elevated blood lipids for the prevention of coronary heart disease. Dietary therapy specific 
tor the type of hyperlipidemia is the initial treatment of choice. Excess body weight and 
excess alcoholic intake may be important factors in hypertriglyceridemia and should be 
addressed prior to any drug therapy. Physical exercise can be an important ancillary 
measure. 

Contributory diseases such as hypothyroidism or diabetes mellitus should be looked fcr 
and adequately treated. The use of drugs should be considered only when reasonable 
attempts have been made to obtain satisfactory results with nondrug methods. If the deci- 
sion is to use drugs, the patient snould be instructed that this does not reduce the impor- 
tance of adhering to diet. 

Because of chemical, pharmacological, and clinical similarities between gemfibrozil ard 
clofibrate, and the adverse findings with clofibrate in two large clinical studies (see Warn- 
ings), use of gemfibrozil should be restricted to the following indications. 

LOPID may be considered for the treatment of adult patients with very high serum triglys- 

' eride levels (type IV hyperlipidemia) who present a risk of abdominal pain and pancreatitis 
and who do not respond adequately to a determined dietary effort to control them. Patients 
with triglyceride levels in excess cf 750 mg per deciliter are likely to present such risk. 

LOPID (gemfibrozil) has little effect on elevated cholesterol levels in most subjects. A 
minority of subjects show a more pronounced response. However, it must be understood 
that there is no evidence that use of any lipid-altering drug will be beneficial in preventing 
death from coronary heart disease (See WARNINGS). Therefore, the physician should be 
very selective and confine gemfibrozil treatment to patients with clearly defined risk due to 
severe hypercholesterolemia (eg. individuals with familial hypercholesterolemia starting in 
childhood) who inadequately respond to appropriate diet and more effective cholesterol- 
lowering drugs. 

LOPID is not useful for the hypertriglyceridemia of Type | hyperlipidemia. 

The biochemical response to gemfibrozil is variable, and it is not always possible to pre- 
dict from the lipoprotein type or other factors which patients will obtain favorable results. It is 
essential that lipid levels be assessed and that the drug be discontinued after three months 
in any patient in whom lipics do not show significant improvement. 

The effect of drug-induced reduction of serum cholesterol or triglyceride levels or eleva- 
tion of HDL cholesterol levels on morbidity or mortality due to coronary heart disease has rot 
been established. Several years may be required before ongoing long-term investigations 
will resolve this question. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary biliary 
cirrhosis. 

2. Preexisting gallbladder disease. (See Warnings). 

3. Hypersensitivity to gemfibroz!. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities between 
gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil. In the first of those studies, the Coronary Drug Project. 1000 
subjects with previous myocardial infarction were treated for five years with clofibrate. There 
was no difference in mortality betwaen fhe clofibrate-treated subjects and 3000 placebo- 
treated subjects, but twice as many clofibrate-treated subjects developed cholelithiasis and 
cholecystitis requiring surgery. In the other study, conducted by the World Health Organiza- 
tion, 5000 subjects without known coronary heart disease were treated with clofibrate for 
five years and followed one year beyond. There was a statistically significant 36% higher 
tota! mortality in the clofibrate-treated than in a comparable placebo-treated control group. 
The excess mortality was due to noncardiovascular causes, including malignancy, postcho- 
lecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated subjects 
for gallbladder disease was confirmed. 

2. Long-Term Toxicity anc Animal Tumorigenicity Studies: Long-term studies have been 
conducted in rats and mice at one and ten times the human dose. The incidence of benign 
liver nodules and liver carcinomas was significantly increased in high dose male rats. The 
incidence of liver carcinomas increased also in low dose males, but this increase was not 
statistically significant (p greater than 0.05). There were no statistically significant differ- 
ences from controls in the incidence of liver tumors in female rats, and in male and female 
mice. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
following LOPID administration to t^e male rat. Similar changes have not been found in the 
human liver. 


Male rats had a dose-related increase of benign Leydig cell tumors. Subcapsular bilateral 
cataracts occurred in 10%, and unilateral in 6.3% of the high dose males. "^ P» 

3. Since a reduction of mortality from coronary artery disease has not been demonstrated 
and liver and interstitial cell testicular tumors were increased in male rats, LOPID should be 
administered only to those patients described in the Indications and Usage Section. If a sig- 
nificant serum lipid response is not obtained, LOPID should be discontinued. 

4. Cholelithiasis— LOPID may increase cholesterol excretion into the bile leading to chole- 
lithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID therapy 
should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants — Caution should be exercised when anticoagulants are 
given in conjunction with LOPID. The dosage of the anticoagulant should be reduced to 
maintain the prothrombin time at the desired level to prevent bleeding complications. Fre- 
quent prothrombin determinations are advisable unti! it has been definitely determined that 
the prothrombin level has stabilized. 

PRECAUTIONS. 1. /nitia/ Therapy — Before instituting LOPID (gemfibrozil) therapy, every 
attempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and other medical problems such as diabetes mellitus and 
hypothyroidism. 

2. Continued Therapy — Pretreatment laboratory studies should be performed to ensure 
that patients have abnorma! levels of serum lipids. Periodic determinations of serum lipids 
should be obtained during LOPID administration. The drug should be withdrawn after three 
months if the lipid response is inadequate. 

3. Seasonal Variation of Lioid Levels — LOPID is not expected to alter seasonal variations 
of higher serum lipid values in midwinter and late summer or the lower values in fall and 
spring. 

4. impairment of Fertility — Administration of approximately three and ten times the human 
dose to male rats for 10 weeks resulted in a dose-related decrease of fertility Subsequent 
studies demonstrated that this effect was reversed after a drug-free period of about eight 
weeks, and it was not transmitted to their offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at doses 
3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. These 
studies have revealed no evidence of impaired fertility in females or harm to the fetus due to 
LOPID. Minor fetotoxicity wes manifested by reduced birth rates observed at the high dose 
levels. No significant malformations were found among almost 400 offspring from 36 itters 
of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that LOPID is tumorigenic in 
male rats, the use of LOPID in pregnancy should be reserved for those patients where the 
benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
male rats, a decision should be made whether to discontinue nursing or discontinue the 
drug, taking into account the importance of the drug to the mother 

7 Hematologic Changes— Mild hemoglobin, hematocrit and white blood cell decreases 
have been observed in occasional patients following initiation of LOPID therapy. However, 
these levels stabilize during long-term administration. Therefore, periodic blood counts are 
recommended during the first 12 months of LOPID administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally during 
LOPID administration, including elevations of SGOT, SGPT, LDH, and alkaline phosphatase. 
These are usually reversible when LOPID is discontinued. Therefore periodic liver function 
studies are recommended and LOPID therapy should be terminated if abnormalities persist. 

9. Cardiac Arrhythmias — Although no clinically significant abnormalities occurred that 
could be attributed to LOPID, the possibility exists that such abnormalities may occur 

10. Use in Children—Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In controlled clinical trials of 805 patients, including 245 who 
received LOPID for at least one year, the most frequently reported adverse reactions associ- 
ated with LOPID involved the gastrointestinal system. In decreasing order of frequency. 
these were abdominal pain (8.096), epigastic pain (4.9%), diarrhea (4.8%), nausea (4 0%), 
vomiting (1.6%), and flatulence (1.1%). Other adverse reactions where tne probability of a 
causal relationship to LOPID therapy exists are listed by system 

Integumentary: rash, dermatitis, pruritus, urticana 

Central Nervous System: headache. dizziness. blurred vision 

Musculoskeletal: painful extremities 

Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is diffi- 
Cult to establish, thus the physician should be alert to these occurrences. Reports of viral 
and bacterial infections (common cold, cough, and urinary tract infections) were more com- 
mon in gemfibrozil than in placebo-treated patients 
Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, SGPT, 
LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg adminis- 
tered in two divided doses 30 minutes before the morning and evening meal. Some patients 
will experience therapeutic effects on 900 mg/day; a few may require 1500 mg/day for satis- 
factory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL). THE DOSAGE OF THE 
ANTICOAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PRO- 
THROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY 
DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 
MANAGEMENT OF OVERDOSAGE. While there has been no reported case of overdos- 
age. symptomatic supportive measures should be taken should it occur 
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The protective effect of antiarrhythmic agents for patients with malignant 
ventricular arrhythmia (defined as noninfarction ventricular fibrillation 
or sustained hemodynamically compromising ventricular tachycardia) 
remains uncertain. We have analyzed survival among 123 such patients | 
(98 males, 25 females, average age 53.6 years) dependent on the abo- 
lition by antiarrhythmic drugs of salvos of ventricular tachycardia and 
R-on-T ventricular premature beats (Lown grades 4B and 5). Over an 
average follow-up of 29.6 months there were 35 deaths (11.2 percent 
annual mortality rate), of whom 23 patients succumbed suddenly (8.2 
percent annual mortality rate). Among 98 patients in whom antiarrhythmic 
drugs abolished grades 4B and 5 ventricular premature beats, only 6 
sudden deaths occurred for a 2.3 percent annual mortality rate. Of the 25 
patients in whom advanced ventricular premature beats were not con- 
trolled, 17 died suddenly. Seventy-nine patients had left ventricular studies - 
suitable for analysis. Among 44 patients with left ventricular dysfunction, - 
control of ventricular premature beats was a critical element predicting 
survival. The annual sudden death rate for the 12 noncontrolled patients - 
with left ventricular dysfunction was 41 percent contrasting with only 3.1 
percent for the 32 patients with similar abnormalities in ventricular function 
in whom advanced ventricular premature beats were abolished. 

It is concluded that antiarrhythmic drugs can protect against the re- 
currence of life-threatening arrhythmias in patients who have manifest - 
ventricular fibrillation or ventricular tachycardia and that abolition of 
certain advanced grades of ventricular premature beats provides an ef- 
fective therapeutic objective. 


The advent of the coronary care unit has stimulated intense interest in 
the problem of sudden cardiac death. ? Experience with these units — 
established ventricular fibrillation to be the terminal mechanism, 
demonstrated the ubiquity of ventricular premature beats among pa- 
tients with acute ischemic heart disease and provided evidence that the 
use of antiarrhythmic drugs reduced the occurrence of ventricular fi- 
brillation. As yet unanswered is whether long-term maintenance therapy 
with antiarrhythmic drugs protects patients at increased risk for sudden 
cardiac death. Recent drug intervention trials?-9 have suggested dif- 
ferential mortality rates among patients who have received antiar- 
rhythmic drug treatment or placebo after myocardial infarction, but such 
studies are very costly and difficult to conduct, requiring recruitment 
of a large number of patients, long follow-up periods, multicenter or- 
ganization and accurate matching of cases with control patients. An 
increasing number of patients are now being seen who have been suc- 
cessfully resuscitated from sudden cardiac death. These patients have 
a high annual recurrence rate of ventricular fibrillation when they are 
untreated or treated empirically.’ Some of them have frequently re- 
curring malignant ventricular arrhythmias—noninfarct-related ven- 
tricular fibrillation or hemodynamically compromising ventricular 
tachycardia. These high risk patients constitute a suitable population — 
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ardial reet instability. 1,9 It has now 
mented that the presence of complex forms 
ular premature beats is associated with a 
creased incidence of sudden cardiac death 
r period after acute myocardial infarc- 
t is therefore not illogical to surmise that 
uppression of advanced grades of ventricular prema- 
eats would reduce the likelihood of recurrent 
nant arrhythmia and of sudden death. A test of 
il hypothesis hitherte remains unreported, yet it is 
paramount importance to the physician in practice, 
if the hypothesis is valid, a straightforward thera- 
utic approach is available for the patient threatened 
with sudden death without need to resort to complex 
sasive procedures. The present study addresses the 
question whether individualized selection of antiar- 
* rhythmic drugs that reduce or eliminate certain types 
- of ventricular premature beats increases long-term 
_ survival in a high risk patient population with malignant 
ventricular arrhythmia. 


Methods 


: "Patients: One hundred twenty-three patients referred for 
"management of life-threatening ventricular arrhythmia 
constituted the study group. Clinical studies were carried out 
at the Brigham and Women’s Hospital and at the Cardio- 
vascular Laboratories, Harvard School of Public Health. 
Sixty-seven patients experienced one or more episodes of 
ventricular fibrillation in the absence of an acute myocardial 
ifarction (*primary" ventricular fibrillation); 11 had ven- 
ilar tachycardia with syncope, while 45 had hemody- 
ally compromising ventricular tachycardia. All patients 
ed. i£] least one resuscitation or emergency cardioversion. 
verage age of this group (25 female, 98 male) was 53.6 
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d coronary dE disease 1 in- " 


infarction that antedated their entry arrhythmia by atleast ` 
1 month. Thirty-seven patients of this group had undergone 
cardiac catheterization including coronary angiography. In | 
the 12 patients who had not experienced a documented 
myocardial infarction, the diagnosis of coronary heart disease 
was made by the presence of typical angina pectoris. 

Group 2 was composed of 32 patients (26 percent) with 
miscellaneous forms of cardiac disease: congenital heart 
disease (5 patients); cardiomyopathy (13); mitral valve pro- 
lapse (8); rheumatic valve disease (5); Q- T prolongation syn- 
drome (1). : 

Group 3 consisted of 17 patients (13.8 percent) without 
heart disease. Fourteen of the 17 patients had undergone 
cardiac catheterization and coronary angiography. In the re- — 
maining 3, the absence of structural heart disease was judged: 
by the normal findings during noninvasive studies including 
echocardiography, radionuclide ventriculography and maxi- - 
mal treadmill stress testing. 

In all patients either the arrhythmia had been refractory 
to conventional antiarrhythmic drugs, or these drugs had 
resulted in serious adverse reactions that precluded their 
continued use. The agents usually used before referral in- 
cluded quinidine, procainamide, diphenylhydantoin, diso- 
pyramide and propranolol. Of the 67 patients who had expe- 
rienced ventricular fibrillation, in 32 it was recurrent (47.7 
percent). All 56 patients who had ventricular tachycardia had 
this arrhythmia at least twice, requiring emergency resuscit- 
ative measures. Some of these patients had undergone car- 
dioversion or defibrillation, or both, 50 or more times. The 
average interval between onset of the arrhythmia or referral 
to our group was 4.7 months. Forty-five of the 123 patients 
(36.6 percent) were transferred directly from a medical in- 
tensive care. unit. 

Evaluation procedures: Patients were admitted to a 
coronary care unit. Immediately after hospital entry, ad- 
ministration of all antiarrhythmic drugs was stopped if the 
malignant ventricular arrhythmia was not repeatedly recur- 
rent. After an interval of at least 24 hours to permit washout 
of prior antiarrhythmic drugs, 48 hours of continuous ambu- 


| latory electrocardiographic (Holter) monitoring was carried _ 


out in 100 patients. In 6 patients Holter monitoring was pre- 

cluded by the clinical condition resulting from recurrence of .. 
malignant arrhythmia and in 17 patients studied at the very ` 
inception of this protocol, such evaluation was not undertaken. .. 
The initial 48 hour monitoring period constituted the control — 
phase of arrhythmia evaluation. During this phase, frequent 
salvos or even long paroxysms of ventricular tachycardia Mee 











TABLE ii 

Relation of Entry Arrhythmia to Mortality * 

Arrhythmia (n; 5€) ‘Alive Dead 

VE 47; 70% 20; 30% 

VT. | — 44; 7496 15;26%  § 
Total BS 71% 35; 29% — 123 











: l ercise testing was conducted to expose 
ventricular arrhyth mia. Sixty of the 123 patients were able to 
undergo control exercise testing. 
. Ambulatory electrocardiographic monitoring: Monitor 
data analysis was carried out using a cardiac arrhythmia an- 
..alyzer (American Optical Corporation) and more recently a 
z SCAN 7200 system. Both systems employ a tape play- 
tem that allows 60X or 120X real time analysis of 24 
r cassettes; the methods have been previously de- 
9ed.1?3 Data reduction of ventricular premature beat 
vity was carried out by qualitative analysis and adhered 
1¢ following classification of ventricular premature beats!: 
'ade 0, no ventricular premature beats; grade 1, occasional 
~ (less than 30/hour; A, less than 1/min and B, more than 1/ 
min); grade 2, frequent ventricular premature beats (more 
. than 1/min or 30/hour); grade 3, multiform ventricular pre- 
~~ mature beats; grade 4, repetitive ventricular premature beats 
_... (A, couplets and B, salvos or ventricular tachycardia) and 
= grade 5, early ventricular premature beats (abutting or in- 
." terrupting the T wave). Semiautomated data reduction per- 
mits quantification of total ventricular premature beats and 
repetitive forms. Detection of R on T ventricular premature 
beats was accomplished by both visual scanning and a pre- 
maturity algorithm established by the scanning technician 
_.. for each tape. Ten percent of all tapes were randomly chosen 
| 5: for quality control.!2.12 
— vc Exercise stress testing: Testing was performed in accor- 
- ... dance with the Bruce protocol!* on a motorized treadmill and 
has been previously described in detail.!5 An electrocardio- 
. . graphic tracing was continuously displayed on an oscilloscope. 
|. ^A. permanent continuous record was obtained on a 
. Trendscriber!® and on a standard electrocardiogram strip 
| chart recorder that inscribed three simultaneous leads. Ex- 
s ercise was maximal and the test was discontinued when the 
. patient experienced progressive dyspnea, intensifying angina 
. pectoris, or sustained atrial or ventricular tachyarrhythmia. 
Emergence of S- T segment depression, ventricular premature 
beats, couplets or episodic ventricular tachycardia did not 
(s constitute a reason for terminating the test. Quantification 
^ of total ventricular premature beats as well as grading of these 
ectopic beats was carried out during control, exercise and re- 
. covery periods.!9 
C « Antiarrhythmic drug studies: These consisted of two 
(0^ phases: Phase 1, acute drug testing, and Phase 2, short dura- 
tion maintenance therapy with a selected antiarrhythmic drug. 
“These procedures have previously been described in de- 
` tail. 17.1821 
(o. ^ Phase 1; Acute drug testing!9-??: Crucial to the effective- 
. ness of many antiarrhythmic drugs is the establishment of a 
Significant or so-called therapeutic blood concentration. This 
. was accomplished by administering a single large oral dose 
after a suitable control monitoring period. The amount of drug 
administered generally consists of half of the commonly em- 
_ployed daily maintenance dose for the particular agent. Thus, 
: for quinidine it is 600 mg; procainamide, 1.5 g; propranolol, 
80 mg; pindolol, 10 mg; disopyramide phosphate, 300 mg; 
metoprolol, 100 mg, levobunolol, 4 mg, mexiletine, 400 mg, 
-ethmozin, 600 mg. This quantity of drug is sufficient in most 
< patients to produce what is deemed a therapeutic blood level. 
. A key element of this method is programmed Trendscription, 
= which provides an on-line printout permitting immediate 
cognition of the prevalence and type of ventricular prema- 
eats, I? During the control period the patient also exer- 
on a bicycle ergometer, and this exercise was repeated 
fter administration of the selected drug. Sampling of 
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monitoring was carried out for 3 tc 
tion of the antiarrhythmic agent. The < 
elimination of advanced grades of ve 
beats—grades 4B and 5. A single acute tes 
daily after a 24 hour washout period. Each pate 
an average of six acute drug tests. | : 

Phase 2: Short duration maintenance thera ) 
of this phase, which continued for 48 to 96 hours, 
antiarrhythmic drug efficacy as well as to g: 
with a dosing program simulating long-term dr 
nance. Drugs that proved effective during Phase 
ployed as were agents that could not be given as an 
dose such as encainide, lorcainide, apridine, tocainic 
amiodarone. The oral dosing schedule during Pl ase | 
guided by the pharmacokinetic properties of the sel 
antiarrhythmic agent. Drug action was assessed by m 
24 hour Holter monitoring and maximal exercise stress test 
An effective response required fulfillment of the follow 
criteria: (1) total elimination of grades 4B and 5 ventric 
premature beats; (2) reduction of more than 90 percen 
grade 4A ventricular beats; (3) greater than 50 percent 
duction in total number of ventricular premature beats. The 
criteria had to be met with both 24 hour Holter monitoring 
and exercise stress testing. x 

During Phase 2 the effect of digitalis drugs on véniricula b] 
premature beat frequency and grade was also determine 
This was accomplished by use of the ultrarapidly acting di 
italis-like drug, acetylstrophanthidin, as previously T 
ported. 17:20 If the response indicated suppression of ventric- 
ular premature beats, patients were digitalized orally » wi 
digoxin. 

Once an effective antiarrhythmic response as defined: w 
demonstrated with several agents during Phase 2 studie 
the best tolerated drug was selected for the maintenan 
program. Two antiarrhythmic drugs were generally employed 
to provide a so-called fail safe program of drug protec 
tion.17:21:22 The average hospital stay to define an effective 
drug program was 17 days. 2 

Analysis of left ventricular function: Seventy-nine of 
the 106 patients with heart disease underwent studie 
categorize left ventricular dysfunction defined asa left: 
tricular ejection fraction of less than 50 percent as determi 
by contrast or radionuclide ventriculography or by ? 
echocardiographv utilizing end-diastolic and end-svsto 
ventricular diameters. In 36 patients, ejection fractio) 
measured by the contrast left ventriculogram during 
catheterization; in 14 patients ejection fraction was obt 
by radionuclide ventriculogram and in 29 patients th 
was determined by echocardiography. The remaining 2 
tients did not have satisfactory ventricular function : 
and were thus not included. 

Follow-up procedures: On hospital discharge, all p 
data were entered into the files of the Arrhythmia Cli 
the Harvard School of Public Health. Patients were s 
3 to 6 month intervals when repeat 24 hour ambulators 
trocardiographic monitoring, exercise stress testing and 
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il. P tachycardia (Gade 4B). Reproducibility of 
advanced grades of ventricular premature beats 
g this population was 87 percent. Of the 60 pa- 
who had exercise testing, 39 (65 percent) had 
ade 4B ventricular premature beats and 55 (91 per- 
ent ) had grade 4A. 
Antiarrhythmic therapy: In 98 patients (79.7 per- 
cent), advanced grades of ventricular arrhythmia were 
controlled by antiarrhythmic drugs (Group A), or 
Judged from suppression of grades 4B and 5 arrhythmia 
on 24-hour Holter monitoring and exercise stress test- 
ing: In 25 patients (20.3 percent), persistent salvos of 
ventricular tachycardia were observed during exercise 
stress testing or 24 hour Holter monitoring, or both, 
while they were receiving the final antiarrhythmic drug 
regimen (Group B). 
Survival in total group: Thirty-five of the 123 pa- 
ients died after an average follow-up period of 29.6 
nonths (annual mortality rate 11.2 percent). 'Twenty- 
ma deaths were sudden (8.2 B annual eda 











X = CONTROL 
@= NO CONTROL 


d di ference ini fatality rate was s observed | 


among patients based on type of entry arrhythmia | 


(ventricular tachvcardia or ventricular fibrillation; : 
Table ID. Thus, 20 (30 percent) of the 67 patients who 
presented with ventricular fibrillation died. while in the . 
group with ventricular tachycardia, 15 of 56 died (29. 
percent). 

Survival related to control of advanced grades 
of ventricular premature beats: Eighty-four (86. 
percent) of 98 patients in Group A are alive after an 
average follow-up period of 31.5 months. Six patients 
died suddenly. The overall mortality rate for this group -. 
was 5.5 percent and the annual incidence rate of sudden - 
death was 2.3 percent (Fig. 1 and 2). Of the 25 patients - 
whose arrhythmia was not controlled (Group B), 21 
died, 17 suddenly, cover an average follow-up period of - 
18.8 months. The annual mortality rate for this group - 
was 52.5 percent and 43.6 percent died suddenly. ` 

The difference in survival between Groups A and B 
was statistically significant (p. 0.01). These two 
groups did not differ in average age, prevalence of cor- 
onary heart disease or miscellaneous forms of heart 
disease; however, all but one of the patients without 
heart disease were in Group A (p «0.01) (Table III). 
Patients from each group were discharged on the same 
average number of antiarrhythmic drugs (three per 
patient including digitalis drugs). 

Survival among patients with coronary (Group 
1) and miscellaneous (Group 2) heart disease: Eight 
of 57 patients with coronary heart disease whose ar- 
rhythmia was controlled died during an average fol- 
low-up period of 28.8 months (6.1 percent annual mor- 
tality rate; 2.2 percent sudden mortality rate). Fifteen 
of 17 patients whose arrhythmia was uncontrolled died 
over an average follow-up period of 17.8 months (58 
percent total and 47 percent sudden annual mortality 


PROBABILITY 2 


or x= CONTROL — 
SURVIVAL 


@= NO CONTROL 






















































D= coronary heart Tm LVD = 
i o heart disease. Other abbreviations as before. 


- ràte). Similar data were calculated for the 32 patients 
"with miscellaneous heart disease (Table IV). 

Left ventricular dysfunction and survival (Table 
- My Of 79 patients who underwent analysis of left ven- 
"tricular function, 44 (56 percent) exhibited left ven- 


‘tricular dysfunction, defined as an ejection fraction of 
Jess than 0.50. Among these 44 patients the mean ejec- 
tion fraction was 0.33 in the 32 patients in whom ar- 
_. yhythmia was controlled and 0.28 in the remaining 12. 


|. These differences were not statistically significant by 


t testing for unpaired samples. The presence of left 
-ventricular dysfunction, as defined, did not correlate 


(0 with control of arrhythmia (chi-square = 1.732, differ- 
rg ence not significant [NS]) (Table V). 

v. Five of 32 patients whose arrhythmia was controlled 
pue (Group A) died over an average follow-up period of 24.2 
|.» months (7.8 percent total annual mortality rate). Two 
«7 of the 5 deaths were sudden arrhythmic events (annual 
_ sudden fatality rate 3.1 percent). Ten of 12 patients 
—. . Without control of arrhythmia (Group B) died, 7 sud- 
- . denly, over an average follow-up period of 17.6 months 
(59.4 percent total, 41.5 percent sudden fatality rate). 


Discussion 


E Effect of antiarrhythmic drug therapy on mor- 
- tality: The present study indicates that a majority of 
patients who have experienced life-threatening ar- 
ythmias can be protected against recurrence of such 


TABLE IV 


Survival of 74 Patients With. Goran (Group 1) and 32 
h Miscellaneous (Group 2) Heart Disease According to 
Control of Ventricular Premature Beats 


Annual SCD 


Mortality (Mortality 
Rate Rate 


(%) [%)) 


rts o of 98 Patients Wih and 25 Without Arrhythmia Contro 


Types of Heart Disease ( h 





CHD MHD - 





left ventricular dysfunction (based on 79 paine: see text); MHD = miscellaneous wart. 





arrhythmias. An additional relevant finding is t 
abolition of advanced grades of ventricular p. 
beats constituted an end point for effective dr 
apy. This therapeutic objective permitted sele 
an appropriate antiarrhythmic agent as well às ad 
ment of dosing schedule. Patients who responded tc 
or more antiarrhythmic drugs with elimination of ve 
tricular premature beat salvos (Grade 4B) and ea 
cycle ectopic beats that interrupt the T wave (Grade 5 
had a 2.3 percent annual rate of sudden death from ar 
rhythmias. This rate was 43.6 percent in patients 
whom drugs failed to eliminate these grades of ven 
tricular premature beats. The patients with and withou 
arrhythmia control did not differ in age, sex distribu 
tion, incidence of coronary heart disease or the type « 
entry arrhythmia (ventricular fibrillation or vente 
tachycardia). 
Studies by Cobb et al.’ documented the highs ann 1 
mortality rate of patients with primary ventricular | 
brillation; furthermore, they noted that the use ¢ 
antiarrhythmic drugs in no way improved prognosi 
Indeed, nearly two thirds of their patients experiencin 
recurrent ventricular fibrillation were receiving : 
arrhythmic therapy at the time of a second cardia 
rest. | 
Guidelines for selection of antiarr 
agents: At present, there are no clinical ind 
permit selection of effective antiarrhythmic 
for the patient at risk for ventricular fibrillatic 
trophysiologic properties of pharmacologic ag 
not provide guidelines for their prescription in 
dividual patient. The testing methods we have. 
oped are based on recognition of these deficie 
our knowledge. We have systematized drug scri 
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TABLE V. 


Relationship of Arrhythmia Control to Left Ventricul 
Function | 





— M ——— — ANP 


Arrhythmia Control 





Yes 


32 (73) 
CBS 


No 












iore than à 80 ertet of pdtiedis a 
nded periods of electrocardiographic 
as well as maximal stress testing. Selection 
ythmic drugs attempts to incorporate two or 
s that were independently effective in 
igh grade ectopic activity. The use of mul- 
rug therapy is an important element in this 
tic approach. 
dous studies on ventricular arrhythmia 
Dy and sudden death: To date no studies of large 
rs of patients have been reported wherein pro- 
'tion against sudden cardiac death was accomplished 
Wy controlling advanced grades of ventricular premature 
eats. Several investigators have commented on changes 
n ventricular ectopic activity or prevention of inducible 
'rhythmia while patients were receiving antiarrhyth- 
nic therapy. Winkle et al.?! studied a small series of 
atients with ventricular tachycardia and ventricular 
fibrillation. Of 11 patients treated with a variety of 
| ntiarrhythmic agents, arrhythmia was successfully 
controlled in 8; in the remaining 3, aneursymectomy was 
-.. earried out. These authors found a 74 to 95 percent re- 
_ duction in the total number of ventricular premature 
_ beats during antiarrhythmic therapy and this reduction 
generally, although not consistently, controlled symp- 
tomatic recurrence. These same investigators,” utilizing 
electrophysiologic studies to guide selection of antiar- 
rhythmic drugs, found that when ventricular tachy- 
cardia could no longer be induced in 13 of 14 patients, 
recurring ventricular tachycardia was prevented during 
.an 8.1 month average follow-up period. 
— Wei et al.?° described 10 patients with mitral valve 
prolapse and refractory ventricular tachycardia in 
"whom aprindine abolished the arrhythmia and reduced 
ventricular premature beats by 40 percent. Ventricular 
tachycardia did not recur during a follow-up period of 
96 months. Ruskin et al.?? treated 31 survivors of 
of hospital cardiac arrest. In 19 of the 25 patients in 
m ventricular tachycardia was inducible by the 
trastimulus technique, the arrhythmia was prevented 
antiarrhythmic drugs and no recurrence was ob- 
ed. Horowitz et al.2* reviewed results in 232 patients 
several studies that employed electrophysiologic 
ing techniques; the prevention of the capacity to 
duce ventricular tachycardia constituted an end point 
herapy. Over a mean follow-up period ranging from 
18 months among 128 patients free of inducible 
thmia, only 9 sudden deaths occurred (7.0 per- 
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percent) with persistently inducible ventricular 
cardia. These reported findings suggest that when 
'thmic drugs are selected on the basis of abo- 
zeapacty e extrastimuli to Pp ene sus- 


compared with 17 such deaths among 134 patients 


cdi: as 3 determindnt of s st a A prevailing 
conception is that the key determinants of survival - 
among patients with coronary heart disease relate to the © 
anatomic extent of coronary arterial involvement and . 
the degree of ventricular functional impairment. The 
occurrence of arrhythmia is but a consequence of the 
magnitude of deterioration in cardiac performance. It- 
would then be reasonable to conclude that controlling | 
ventricular arrhvthmias is futile when the ultimate 
outcome is determined by the gravity of the underlying 
cardiac compromise. Several studies cast a different 
light on this question. 

Schultz et al. monitored patients in the late hospital | 
phase of acute myocardial infarction. Among 88 pa- 
tients, advanced grades of ventricular premature beats - 
(Lown grading) were found exclusively among those 
with an ejection fraction of less than 0.40; sudden out 
of hospital death was encountered only in patients who 
also had advanced grades of ectopic activity. Thus, 
among 45 patients with a reduced ventricular ejection 
fraction, 19 were free of advanced grades of ventricular 
premature beats and none died in a 7 month follow-up 
period. By contrast, among 26 patients with both such 
a hemodynamic deficit and major grades of ventricular 
premature beats, 8 died suddenly (p «0.02). Ruberman 
et al.!? noted that the risk of sudden cardiac death was 
less in men with congestive heart failure who were free 
of advanced grades of ventricular premature beats than 
in men with such arrhythmia who had never exhibited 
cardiac decompensation. Among patients with cardio- 
myopathy, Follansbee et al. reported that the presence 
of ventricular premature beat salvos (Grade 4B) ex- 
posed by 24 hour monitoring was an independent risk 
predictor for sudden death. Our data provide additional 
support for the thesis that, although severe ischemic 
heart disease may predispose to ventricular arrhythmia, 
the occurrence of advanced grades of ventricular pre- 
mature beats augments susceptibility of sudden death . 
and this predisposition is diminished by their annul- 
ment. Thus among 44 of our patients with reduced - 
ejection fraction, the mortality rate was in excess of 50 . 
percent in those whose arrhythmia was not controlled 
as compared with 7.8 percent in whom advanced grades ` 
of ventricular premature beats were abolished. l 

Therapeutic implications: The present study is - 
based on an approach to management of patients with | 
malignant ventricular arrhythmias that is practicable 
and cost effective.5?! It requires an individualized se- 
lection of antiarrhythmic drugs and the employment of- 
multiple antiarrhythmic agents. In the majority, ther- - 
apy is aimed at the abolition of advanced grades. of- 
ventricular premature beats. The physician encoun- 
tering patients with malignant ventricular arrhythmia- 
is thus provided with a therapeutic approach that will 
prove. effective | in protecting: such, threatened pa- 
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Follow-Up 








Six patients who survived episodes of coronary arterial spasm occurring - 
immediately after coronary bypass grafting were followed up for 15 to 30 — 
(mean 20) morths after operation. in all patients coronary spasm occurred — 
in an unobstructed dominant right coronary artery and caused inferior- 
transmural ischemia. Sudden circulatory collapse occurred in five of thë 
six patients as a consequence of acute coronary spasm. All patients were - 
treated with nitroglycerin followed by nifedipine. No patient has had re- 
current angina or other evidence of spontaneous coronary spasm since - 
surgery. Cardiac catheterization studies, including ergonovine maleate 
testing, were repeated 3 to 12 months after surgery in five of the six pa- 
tients. The right coronary artery and all bypass grafts were patent in all 
five. Four patients had new inferior wall motion abnormalities. Ergonovine 
provoked focal right coronary arterial spasm in one patient. 

It is concluded that manifestations of coronary spasm after myocardial 
revascularization range from asymptomatic S-T segment elevation to 
severe hypotension. These episodes of perioperative spasm may cause 
myocardial necrosis. Coronary spasm has not recurred in patients who 
survived perioperative spasm, but some patients may have a continued 
predisposition to development of coronary spasm late after surgery. 


The clinical presentation of coronary arterial spasm occurring soon after 
coronary bypass surgery was recently described.'? Our original report! 
described six patients who had sudden circulatory collapse 0.5 to 2 hours 
after the completion of apparently uncomplicated coronary bypass 
grafting proeedures for severe atherosclerotic obstructive disease of the 
left coronary circulation. In each patient sudden hypotension was ac- 
companied by striking reversible but recurrent inferior S-T segment 
elevation. All six patients had a dominant right coronary artery that had- 
no significant obstruction and was not grafted. Because ischemia oc- 
curred in the distribution of normal nongrafted vessels, and because it 
resolved and recurred spontanecusly, we concluded that these events 
were caused by coronary arterial spasm. In one patient the spasm was. 
demonstrated angiographically. i 
The usual measures of circulatory support, including catecholamine. 
infusion and intraaortic balloon pumping, were ineffective in reversing 
hypotension, and intravenous nitroglycerin had no consistent favorable. 
effect. The first three patients we encountered died of low cardiac output. 
due to myocardial ischemia resulting from refractory coronary spasm. 
Two patients were resuscitated only after a large amount of nitroglycerin: 
was administered directly into the right coronary artery. In the sixth. 
patient, spasm resolved with eontinuous intravenous nitroglycerin 
infusion and intravenous administration of phentolamine. In each sur- 
vivor, evidence of coronary spasm abated within 6 hours after termina- 
tion of cardiopulmonary bypass, and the subsequent postopera | 
course was uneventful. MM | i 
: Since our original report, three additiona 
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on the efter t ee pa se This communi- 
on describes the immediate and long-term clinical 
TS > of these six patients who had coronary spasm 
ately after myocardial revascularization. Our 
erization studies shed some light on the mecha- 
ms of coronary spasm in this setting. 


Methods 


idy patients: The nine cases of perioperative coronary 
al spasm at our institution occurred between June 1978 
eptember 1980; during this period, 904 coronary bypass 
rocedures were performed. Thus, the incidence of recognized 
erioperative coronary spasm was 1 percent during this time. 
-AW surgical revascularization procedures were done with 
“systemic hypothermia (26°C), and cold cardioplegic arrest 
-= (4*C, 20 mEq potassium/liter). 
<io Postoperative catheterization: All postoperative cardiac 
- catheterizations were performed using the percutaneous 
- femoral approach, and included complete hemodynamic 
` measurements, single plane left ventriculography and selective 
-coronary arteriography with visualization of all saphenous 
. vein bypass grafts without prior administration of nitroglyc- 
=- erin. Each patient was then given ergonovine in four serial 
|. doses of 0.05 mg each to a total dose of 0.2 mg, as previously 
. described.? Coronary arteriography was then repeated, fol- 
lowed by the administration of sublingual nitroglycerin. 
Coronary arterial lesions are described in terms of percent 
. narrowing of luminal diameter in at least two views. 


































- TABLE | 
__ Clinical Presentation of Six Patients 


Preoperative 


CX Preoperative 
|. Case Symptoms 


Angiography * 





-.1  Exertional 9096 obstruction of left 
| angina main coronary artery 


waves 


Exertional 9996 obstruction of left 


7096 obstruction of 
diagonal artery; 5096 






obstruction of right 


E coronary artery 
: Postinfarction 99% obstruction of left 
angina at rest anterior Mescondmg 


uit id | | waves 








tk neterization studies, in- a 


Manifestations of 
Perioperative Spasm 


inferior ST-segment 
elevation; hypotension; 
A-V block; ventricular 
tachycardia; inferior Q 


inferior S-T-segment 


angina anterior descending elevation; hypotension; counterpulsation; artery patent; e 
artery; 9096 obstruction A-V block; inferior Q intracoronary and test negative; inf 
of left circumflex artery waves intravenous nitroglycerin; hypokinesia . 
nifedipine e ME C 
Angina 90% obstruction of left inferior S-T segment intravenous nitroglycerin; Grafts and right cc 
at rest anterior descending elevation; hypotention; phentolamine; nifedipine; artery patent; erg 
artery; 7096 obstruction A-V block; ventricular open cardiac massage test negative : 
of diagonal artery tachycardia t SN KU 
Exertional 90% obstruction of left Inferior and anterior S-T intravenous nitroglycerin; Grafts and right 
angina main coronary artery; segment elevation; phentolamine; nifedipine artery pate 


hypotension 


obstruction of right 
: coronary artery LM 
. Exertional 50% obstruction of left Inferior S-T segment Intravenous nitroglycerin; Grafts and right 
angina; angina main coronary artery; elevation; hypotension; dopamine; nifedipine artery patent: 


at rest total obstruction of left inferior Q waves 
with S-T anterior descending 
elevation coronary artery; 50% 


Inferior S-T-segment 
elevation; inferior Q 


rowing of luminal diameter by atheroscleroti 







postoperative course of a gene i5 
summarized in this section and in Table E. - 







Cases 






Case 2: A 53 year old man was admitted for e 
increasing exertional angina in spite of therap: 
pranolol (240 mg daily) and isosorbide dinitrate | 
There was no history of angina at rest. A treadmill 
was terminated when anginal pain developed : 
a decrease in systolic blood pressure from 145 t 
and 2 mm S-T segment depression. Coronary a 
revealed a calcified 99 percent obstruction of the prox 
anterior descending artery. The distal portion o 
filled by collateral vessels from the right coronary 
addition, severe obstructions were noted in the left. 
vessel. The dominant right coronary artery showed on 
luminal irregularities. Left ventricular hemodynamic 
normal. T 

Saphenous vein bypass grafts were placed to the h i 
terior descending and left circumflex arteries, and cart 
pulmonary bypass was discontinued without difficu 
Thirty minutes later, S-T segment elevation in the inf 
leads and profound systemic hypotension suddenly develop 
Cardiopulmonary bypass was immediately restarted an 
systemic blood pressure was restored and S-F segments n 
turned to baseline. Inspection revealed all grafts to be patent, 
and ventricular contraction was normal. Discontinuation « 










































Postoperative | 
Therapy Angiography = 
intracoronary and Not performed 
intravenous nitroglycerin; 


nifedipine 







intraaortic balloon Grafts and right: zu 



































test negative; inf 
anterior wall hyp 















coronary sp 
50 percent 















intravenous nitroglycerin; 
nifedipine 























ib pened ; after senao of cardio- 
S. 
of nitroglycerin was then begun with use of a 
ieedle inserted directly into the right coronary ar- 
usion of 0.5 mg, the S-T segment decreased, but 
ifusion was stopped massive S-T elevation re- 
Intracoronary administration of nitroglycerin was 
, and the S-T segments again returned toward 
but until a total of 8 mg of nitroglycerin had been 
sed, attempts to discontinue the infusion were followed 
turn of S-T segment elevation and hypotension. Ni- 
lipine (30 mg through a nasogastric tube) was then given 
1 the patient was then successfully weaned from cardio- 
_ pulmonary bypass. Intravenous nitroglycerin was infused for 
> hou rs then gradually withdrawn, and oral administration 
f nifedipine (30 mg every 6 hours) was begun. The postop- 
ative electrocardiogram revealed new inferior Q waves, but 
ther recovery was uneventful. Nifedipine therapy was 
continued, and 3 months later a repeat electrocardiogram was 
U Minna and the patient was asymptomatic. 




















_ Case 3: A 51 year old man underwent cardiac catheteriza- 
dion for evaluation of episodes of angina at rest not adequately 
- controlled by propranolol (80 mg daily) and isosorbide dini- 
trate (20 mg daily). Coronary angiography demonstrated a 90 
jercent obstruction of the mid left anterior descending cor- 
ary artery, and a 70 percent lesion at the origin of the first 
liagenal branch of this artery. The right coronary artery was 
lominant and had only noncritical luminal irregularities. Left 
ventricular hemodynamics were normal. 
Sephenous vein bypass grafts were placed to the left an- 
ericr descending and diagonal coronary arteries, and car- 
2 jopulmonary bypass wes discontinued without difficulty. 
‘wo hours later, marked 5-T segment elevation developed in 
nferior leads followed by A-V block, hypotension and 
»xysms of ventricular tachycardia. These abnormalities 
eversed spontaneously within 10 minutes. They recurred 
minutes later and again resolved spontaneously. A 
currence of inferior S-T segment elevation soon fol- 
his time accompanied by persistent hypotension and 
alectromechanical dissociation. 
sternotomy incision was reopened, and open cardiac 
begun. An intravenous infusion of nitroglycerin was 
and the S-T segment elevation was reversed, but in 
: mg intravenous bolus injections of nitroglycerin, it 
fice accompanied by ventricular tachycardia, but 
r hypotension. Phentolamine (5 mg) was then given 
ravenous bolus dose, and no further episodes of S-T 
elevation cr arrhythmias occurred. The bypass grafts 
cted and noted to be patent, and the patient was 
the operating room for 2 hours while intravenous 
erin (0.07 mg/min) was continued. Nifedipine was 
Jibi tube ana the chest was then closed. No 














































Fidi o progressive s angina sectors He had been i ! until 2 i 
weeks before admission, when exertional angina developed. 


during normal daily activity and then progressed to provo- 


cation with minimal activity in spite of therapy with pro- 
pranolol (80 mg daily) amd isosorbide dinitrate (60 mg daily). 
The patient had never experienced angina at rest. The resting 


electrocardiogram was normal. After 3 minutes of treadmill 


exercise 3 mm S-T segment depression associated with angina | 
developed. Cardiac catheterization demonstrated normal left 
ventricular hemodynamics. Coronary arteriography revealed - 
a dominant right coronary artery with a 50 percent narrowing 
in its mid portion. The left main coronary artery had a 90 
percent obstruction and a diagonal vessel had a 70 percent  . 
obstruction, but the remainder of the left coronary arterial — 

system was free of cbstructing lesions. 

Saphenous vein bypass grafts were placed into the left ` 
anterior descending, diagonal and left circumflex coronary 
arteries. After uneventful termination of cardiopulmonary © 
bypass the patient was given trimethaphan for a systolic blood 
pressure of 140 mm Hz. One and one-half hours after termi- 
nation of cardiopulmenary bypass, the mean arterial blood 
pressure suddenly decreased from 85 to 70 mm Hg in associ- 
ation with inferior $-T segment elevation. Administration of 
trimethaphan was discontinued, and intravenous infusion of 
nitroglycerin (50 to 100 ug/min) was begun. The S-T segments 
returned to baseline. Fifteen minutes later, S- T segment el- 
evation occurred in the precordial leads in addition to the 
inferior leads, but the arterial pressure remained stable. In- 
travenous administration of nitroglycerin was continued, and 
after a 5 mg intraveneus dose of phentolamine the S-T seg- 
ment elevation resolved and no further episodes occurred. 
Nitroglycerin infusion was continued for 24 hours, then ta- 
pered, and treatment with nifedipine (30 mg orally every 6 
hours) was begun. No electrocardiographic or enzyme evi- 
dence of myocardial infarction developed and the patient's 
subsequent course was uneventful. 

Case 5: A 38 year old woman with a 10 year history of ex- 
ertional angina was admitted to the hospital because of a 
prolonged episode of chest pain at rest associated with S-T 
segment elevation. She received no antianginal therapy. Acute 
myocardial infarction was ruled out, and cardiac catheter- 
ization was then performed. Left ventricular wall motion and 
hemodynamics were normal. Coronary angiography revealed 
a 50 percent obstruction at the ostium of the left main coro- 
nary artery and total obstruction of the left anterior de- 
scending artery at its origin. A 50 percent obstruction was 


present in the dominant right coronary artery, and the left | 
anterior descending artery filled through a well developed 


system of collateral vessels (Fig. 1A). Provocative testing for 
coronary arterial spasm was not performed because of the 
severe atherosclerotic obstructions present. 

The patient underwent coronary arterial bypass grafting 
to the left anterior descending and left circumflex vessels. 
During induction of anesthesia and after termination of car- 


diopulmonary bypass, nitroglycerin was infused intravenously E c 
(40 ug/min) because of the previous episode of chest pain as- -© 


sociated with S- T segment elevation. However, 3 hours after 


surgery, the mean arterial blood pressure suddenly decreased - s 


to 60 mm Hg from a previous level of 105 mm Hg, associated 
with inferior S-T segment elevation. Infusion of nitroglycerin , 
was stopped and, when the blood pressure. remained de- — 









persisted for 3 hours before returning to baseline although 
intravenous administration of nitroglycerin was resumed. No 
further S-T segment alterations occurred, and administration 
of nitroglycerin was tapered 24 hours later. The electrocar- 
diogram showed new persistent Q waves in the inferior leads. 
Administration of nifedipine (20 mg orally every 6 hours) was 
begun, and the patient left the hospital 1 week later without 
further problems. 


Case 6: A 76 year old woman was admitted to the hospital 
9 weeks after sustaining an anterior nontransmural myocar- 
dial infarction, for evaluation of recurrent angina pectoris at 
rest. She was treated with propranolol (80 mg daily) and iso- 
sorbide dinitrate (120 mg daily). Cardiac catheterization re- 
vealed elevated left ventricular filling pressure (20 mm Hg) 
but otherwise normal hemodynamics and good global left 
ventricular function (ejection fraction 78 percent) with apical 
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akinesia. The dominant right coronary artery was free of ob- 
struction, as was the left main coronary artery. A 99 percent 
obstruction was present in the proximal left anterior de- 
scending coronary artery, and a 40 percent lesion in a marginal 
branch of the left circumflex coronary artery. 

Open heart surgery was performed, and a saphenous vein 
bypass graft placed to the distal left anteriot descending 
artery. Two hours after termination of cardiopulmonary by- 
pass the S- T segments in the inferior leads were noted to be 
elevated, but the patient's cardiac rhythm and blood pressure 
remained stable. Intravenous nitroglycerin infusion was 
begun, and after 10 minutes the S-T segments returned to 
baseline. No further episodes of S- T segment elevation oc- 
curred, although new inferior Q waves developed. Infusion of 
nitroglycerin was continued for 24 hours and then tapered, 
and treatment with nifedipine was begun (20 mg orally every 





FIGURE 1. Case 5. Angiogram of the right coronary artery. A, preoperative. Note filling of the left coronary artery by collateral circulation. B, post- 
* operative. The right coronary artery is unchanged from its preoperative appearance. Note that the left anterior descending artery no longer fills 
by way of collateral vessels. C, postoperative, after ergonovine. Focal spasm has developed in the proximal portion of the right coronary artery 
after administration of 0.2 mg of ergonovine maleate. D, postoperative, after nitroglycerin. Coronary spasm has resolved after administration of 


nitroglycerin (0.4 mg sublingually). 
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FIGURE 2. Case 2. Left ventriculograms (end-systolic frame in right anterior oblique view). A, preoperative. The contraction pattern is normal. 


B, postoperative. Hypokinesia of the inferoapical segments is now present. 


6 hours). The subsequent postoperative course was un- 
eventful. 


Late Postoperative Course of Survivors and Results of 
Postoperative Catheterization 


The six survivors were discharged from the hospital 
taking oral nifedipine. All have been angina-free during 
follow-up periods of 15 to 30 (mean 20) months. In one 
patient (Case 5) nifedipine therapy was stopped when 
intolerable headaches developed. Five of the six patients 
(Cases 2 through 6) have had a comprehensive reeval- 
uation 3 to 12 months after operation. They were hos- 
pitalized and nifedipine therapy was stopped during 


continuous electrocardiographic monitoring. Forty- 


eight hours later, each patient underwent a complete 
cardiac catheterization. 

Cardiac catheterization: Except for mild increases 
in left ventricular end-diastolic pressure (18 mm Hg) 
in two patients, resting hemodynamic measurements 
were normal and unchanged from preoperative values 
in all five patients. Although global left ventricular 
function was preserved in all patients (ejection fraction 
47 to 77 percent), all but Patient 3 had new hypokinesia 
of the inferior wall of the left ventricle (Fig. 2). In ad- 


dition, Patient 4 (the patient who had one episode of 


. S- T segment elevation in the precordial leads) had new 


anterior hypokinesia. All saphenous vein grafts were 
patent in each patient. The right coronary artery was 
unobstructed and unchanged from its preoperative 
appearance in each case (Fig. 3A and 1B). Administra- 
tion of ergonovine resulted in mild diffuse coronary 
arterial narrowing but no focal spasm in Patients 2, 3, 
4 and 6 (Fig. 3B). However, after 0.2 mg of ergonovine, 
Patient 5 had a 70 to 80 percent focal narrowing of the 
proximal right coronary artery at the site of a fixed 50 
percent stenosis (Fig. 1C). This narrowing was not ac- 


companied by chest pain or electrocardiographic 


changes, and it resolved rapidly with one 0.4 mg sub- 
lingual nitroglycerin tablet (Fig. 1D). 
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Late angina or coronary spasm: Because of the 
negative or equivocal response to ergonovine in these 
five patients, nifedipine therapy was discontinued in all 
five after the postoperative catheterization. To date, no 
patient has had a recurrence of angina or other evidence 
of coronary spasm in a mean follow-up time of 12 
months (range 8 to 19) since this catheterization. The 
one patient who refused postoperative catheterization 
(Case 1) has continued oral nifedipine therapy, and she 
too has been symptom-free. 


Discussion 


Physicians responsible for the care of patients 
undergoing coronary arterial bypass grafting should be 
aware that coronary spasm may occur in the perioper- 
ative period, and may have life-threatening conse- 
quences. Because rapid recognition and specific therapy 
may be life-saving, coronary spasm must be considered 
in the differential diagnosis of acute postoperative cir- 
culatory collapse. Perioperative coronary spasm may 
occur in patients without prior evidence of spasm and 
in patients with Prinzmetal's variant angina. 

The manifestations of postoperative coronary arterial 
spasm range from asymptomatic S- T segment elevation 
to circulatory collapse. We suspect that the frequency 
of perioperative coronary spasm may be higher than 
reported because of incomplete recognition. The pa- 
tients we have described were recognized either fortu- 
itously (Case 6) or because of postoperative circulatory 
collapse and probably represent only the “tip of the 
iceberg." It may be that coronary spasm that does not 
result in severe hemodynamic compromise or cardiac 
arrhythmias occurs more frequently, but remains un- 
recognized because of the limitations of available elec- 
trocardiographic monitoring systems, especially if only 
one electrocardiographic lead is monitored. 

Evidence for coronary spasm: A unique charac- 
teristic of these cases is the lack of high grade athero- 
sclerotic obstructive disease in the dominant right 


A 


^ coronary artery, and the development of coronary 
-spasm in that vessel. All patients had revascularization 
^: using saphenous vein grafts for one or more severe ob- 
structions in the left coronary system. The five post- 
- operative cardiac catheterizations demonstrated the 
— grafts to be patent, and the right coronary arteries un- 
changed on angiography. Thus no new obstructions in 
-either coronary arterial system could explain the ob- 
- "served occurrence of acute recurrent transmural myo- 
cardial ischemia with severe hypotension. 
Although such phenomena could theoretically result 
from transient platelet aggregation, or fibrin or air 
-. embolization, these seem unlikely explanations. Tran- 
= sient platelet aggregation has never been proved to 
cause transmural ischemia. No patient had a left ven- 
^; tricular aneurysm or other likely source of emboli. If 
= emboli were the cause of these episodes one might ex- 
< pect to see evidence of systemic emboli (of which there 
was none), and the episodes of ischemia would probably 
not be restricted to myocardium supplied by the right 
coronary artery. 
Thus the development of an electrocardiographic 
-. pattern of acute transmural ischemia (S-T segment el- 
.. evation) in a myocardial zone perfused by a coronary 
- artery that was not critically diseased is best explained 
by transient arterial spasm or thrombosis, and spasm 
— was confirmed angiographically in Case 1. It is not clear 
_ why the episodes of spasm were detected primarily in 
^s the right coronary artery or why the spasm was observed 
.. only in patients undergoing bypass of left coronary le- 
sions. It may be that left and right coronary arterial 
ipasms occur with equal frequency in this setting, but 
iat right coronary spasm more often causes severe 
j paynamic consequences, thereby favoring its rec- 





«FIGURE 3. Case 2. Postoperative angiograms of the right coronary artery. A, before ergonovine. The vessel is patent and noes tomi its pre 
operative appearance. B, ergonovine maleate (0.2 mg) has been administered. There is no evidence of coronary spasm. 
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disposition to it. It is not clear just what this stimulus 
is, although several factors capable of increasing coro- 
nary vascular resistance or provoking coronary spasm, 
or both, may be present during the perioperative period, 
including increased blood pH,* alpha adrenergic stim- 
ulation,?-7 cutaneous cold,® physical manipulation o 
a coronary artery? and release of vasoconstrictor sub 
stances by platelets.!9-1? The blood pH was frequently 
monitored during and after surgery, and was normal 
before the onset of spasm in all patients. Increased alp 
adrenergic nervous activity, manifested as arterial hy- 
pertension, occurs frequently after coronary bypass 
surgery, !?-!? and it is possible that in some patients this 
might provoke coronary spasm in addition to, or instead 
of, arterial hypertension. Three of the six patients had 
mild to moderate increases in systemic blood pressure | 
before evidence of spasm developed, but in all the ar- 
terial pressure returned to normal or low levels with the 
onset of spasm. In addition, in two patients evidence of 
spasm abated after alpha adrenergic-blockade. with 
phentolamine (given as 5 mg intravenously) after in- 
travenous nitroglycerin failed to control spasm. A 
though many anesthetic agents cause reflex sympathe: 
stimulation, halothane was the agent used in four of )u 
cases and fentanyl in two. Neither agent is associ 
with marked sympathoadrenal stimulation. x 

All surgical procedures were performed with mod 
erate systemic hypothermia (26°C) and cold potassiur 
cardioplegia. However, all coronary bypass procedun 
at this institution are performed with similar 
niques, and review of perioperative records fail 
reveal factors distinguishing the procedures in 
patients from others without evidence of spa 
case was there evidence of coronary spasm ir 
after termination of blast ai bypass 3 









































release of this. powerful coronary vaso- 
voke spasm in some patients. Al- 
ive contribution of these factors to the 
mains to be delineated, we suspect that 
ts may vary in their propensity to both 
ment of perioperative coronary spasm and 
spasm. 

low-up: The acute consequences of 
ial spasm in these patients contrast with 
ent course. No patient has had a clinical 
coronary spasm or recurrent angina pec- 
ostoperatively. The absence of recurrence may 
É fedipine therapy; however, this treatment 
i ped i in five patients, and none had angina. It 
may reflect the natural history of this disease, be- 
rasospastic angina in other settings is often 
naracterized by spontaneous remissions and exacer- 
ons.16-18 The myocardial necrosis that resulted from 
2 episodes may have contributed to spontaneous 
nissions, because this has also been noted in patients 
h variant angina who sustain a myocardial infarc- 
on.6 — 

^. Another possible explanation is that the specific 
stimulus for provoking spasm was restricted to the 
perioperative period. This hypothesis is supported by 
the preoperative absence of Prinzmetal's variant angina 
in most patients in this series. The postoperative ergo- 
ovine test was negative in four of five patients in whom 
was performed. Of note, the patient who had coronary 
pasm in response to ergonovine was the one patient 
ho preoperatively had angina at rest in association 
with S-T segment elevation. Because she had experi- 
enced unacceptable effects of nifedipine, we discon- 
iued administration of this drug despite the results 
| e ergonovine test. To date she has remained free of 






















































negative ergonovine test in four of the five pa- 
studied may be another reflection of the variable 
il history of vasospastic coronary artery disease. 
have reported spontaneous conversion of er- 
ine tests from positive to negative in variant an- 
also possible that ergonovine testing produced 
- results because of residual nifedipine effect, 
seems unlikely, because nifedipine has a serum 
of only 3.5 to 5 hours,!%2° it is 90 percent 
ted within 24 hours?! and it was discontinued 
efore provocative testing in all cases. It is 
lat the provocative tests were negative be- 
sufficient doses of ergonovine, because our 
nd: others? have found that doses of 0.2 mg 
provoke coronary spasm in 90 to 100 percent 
known variant angina. Larger doses not 
‘thorpase eels but also may 





on electrocardigaraphy 6 or new ven néricular wall moti ae 
abnormalities at postoperative catheterization. It is — 


unlikely that the ischemia and necrosis were nonspecific 


effects of hypotension during the acute episodes, be- - 

cause all the segments with new postoperative hypoki- 
nesia were perfused by noncritically diseased coronary 
arteries in the distribution of the transmural ischemia 
perioperatively. Thus, necrosis was most likely a con- 


sequence of prolonged ischemia during the period of 


spasm. 

These observations suggest that coronary arterial 
spasm may account for some instances of myocardial 
infarction complicating coronary bypass grafting, al- 


though technical diffieulties probably explain most such 


episodes.?*"9? Coronary spasm may be responsible for 
perioperative infarction more often than was previously 
recognized. Assad-Morell et al.?? described three pa- 
tients who had perioperative inferior myocardial in- 
farctions after the left anterior descending artery was 
bypassed. These patients did not have preoperative 
evidence of variant angina, and all three had normal 
right and left circumflex coronary arteries. Thus the 
mechanism of infarction in these patients, as in our se- 
ries, could not be explained by technical difficulties with 
graft anastomosis. Coronary bypass graft surgery in 
patients with Prinzmetal's variant angina is associated 
with rates of perioperative myocardial infarction as high 

as 50 percent.??-?? In addition, patients with variant 
angina have a high perioperative mortality rate with an 
unusual number of unexplained perioperative cardiac 
arrests. These phenomena may be due to perioper- 
ative episodes of coronary spasm and suggest that sur- 
gical intervention may provide a milieu that provokes 
coronary spasm. 

Therapeutic implications: Until the nature and 
course of this phenomenon is more clearly defined, our 
approach to management of these patients includes 
empiric therapy with a calcium blocking agent such as 


nifedipine for 3 to 5 months. For safety, this agent is. 


then withdrawn in a monitored setting with close fol- - 


low-up. An assessment of the patient's propensity to the p 
development of spasm using ergonovine testing inthe __ 


cardiac catheterization laboratory may then be helpful. _ 


If no spasm occurs, cessation of calcium blocking ther- ^ 


apy appears to be justifiable. The recurrence of ische- 
mia-producing spasm would constitute an indication 
to reinstitute or continue calcium blocking therapy. In 
spite of the uneventful late course exhibited by these 
survivors of perioperative spasm, some patients may 
have recurrences with more prolonged follow-up. These 
patients should be followed up closely, and they should 
be warned of this possibility. 
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This prospective study of 100 patients evaluated the sensitivity and "e 


specificity of the repetitive ventricular response and ventricular tachy- __ 





cardia induced by programmed electrical stimulation for identifying pa- 
tients with spontaneous ventricular tachyarrhythmias. The influence of. 
underlying heart disease on such sensitivity and specificity was also 
evaluated. A 

The repetitive ventricular response was sensitive (92 percent) for d 
detecting patients with prior spontaneous ventricular tachyarrhythmias, — 
but lacked specificity (57 percent); the rate of false positive responses. 
was 43 percent. Inducible ventricular tachycardia was less sensitive (65 
percent) but more specific (98 percent); the rate of false positive re- 
sponses was only 3 percent. Among the 100 patients, 71 had heart dis- 
ease, 29 did nct. The presence of underlying heart disease had no sig- 
nificant effect on the sensitivity and specificity of repetitive ventricular 
responses or ventricular tachycardia induced by programmed stimulation; 
it did not increase the rate of false positive responses. 

It is concluded that (1) ventricular tachycardia induced with pro~: 
grammed ventricular stimulation is an excellent basis for guiding the 
management of clinically significant ventricular tachyarrhythmias, re- 


gardiess of underlying heart disease; and (2) the repetitive ventricular. 


response is not useful for this purpose because of its high rate of false 
positive responses among patients with or without significant heart dis- 
ease. 


Programmed electrical stimulation of the heart is being used more and - 
more frequently to identify and manage patients with clinically signif- 
icant ventricular tachyarrhythmias.' In this regard, two types of re- 


sponses to programmed ventricular stimulation are of interest: repetitive | E 
ventricular responses and ventricular tachycardia. To be used optimally ` 


in the care of patients with ventricular arrhythmias, a givenstimulation _ 


protocol must have a known sensitivity and specificity in the patient. E 
group to which it is applied. This is not vet the case. For example, Greene |. 
et al.’ reported in 1978 that the repetitive ventricular response was both E 


highly sensitive and specific in a group of 50 patients with ventricular. 
tachycardia. They later concluded that “diseased tissue is necessary for E 
the repetitive ventricular response."? Both of these conclusions were - 





challenged by others.?-!! Thus, controversy exists on the sensitivity and. . 


specificity of the repetitive ventricular response in detecting patients. 
with ventricular tachyarrhythmias, and on the influence that underlying 
heart disease may have on its prevalence. : 

There is much less controversy about the sensitivity of ventricular 
abel auod id ‘Programmed | electrical stimulation. Several d 


















| zü al ye 
a ients. who do not have the a jona: 
usly. This study was retrospective and was flawed 
ome extent by lack of a uniform stimulation protocol 
r its course. No previous study has examined the 
' t of heart disease on the specificity of programmed 











ccordingly, i in 1979 we began a prospective study to 
rmine the relation between (1) repetitive ventric- 
responses or ventricular tachycardia induced by 
grammed ventricular stimulation, and (2) sponta- 
ous ventricular tachyarrhythmias and the presence 
yr absence of organic heart disease. Our study had the 
_ following specific aims: (1) to determine the prevalence 
- -of repetitive ventricular responses, nonsustained ven- 
tricular tachycardia and sustained ventricular tachy- 
- cardia induced by programmed stimulation in patients 
== with and without heart disease, and (2) to determine the 
—. sensitivity and specificity of the repetitive ventricular 
-< response and ventricular tachycardia induced by pro- 
. grammed ventricular stimulation to detect spontaneous 
- ventricular tachyarrhythmias in patients with and 
-without underlying heart disease. 


Methods 


(v. Patients: The patients screened for study were all 126 who 
_ underwent programmed ventricular stimulation in the Clinical 
_ Electrophysiology Laboratory from September 1979 to June 
T981. We excluded 26 patients: 12 with mitral valve prolapse 
.because we were uncertain whether isolated mitral prolapse 
... represented organic heart disease, 2 whose episode of spon- 
taneous ventricular tachycardia occurred during the initial 
— "48. hours of acute myocardial infarction, 2 without docu- 
-" mented spontaneous ventricular tachycardia, although the 
clinical history was suggestive and 10 because of a discordance 
s between antiarrhythmic drug status at the time of sponta- 
neous ventricular tachycardia and that during laboratory 
<o testing. Included in this study were 13 patients who were 
taking a group I antiarrhythmic drug both during their 
"Spontaneous episode and during laboratory testing. Thus, of 
[26 patients screened, 100 were enrolled. 
~ Classification criteria: presence or absence of heart 
disease: The enrolled patients were classified as to the pres- 
... ence or absence of underlying organic heart disease. 
« ^ Group I consisted of 29 patients without evidence of 
ischemic, myopathie, valvular, hypertensive, or congenital 
heart disease. Their ages ranged from 16 to 78 years (mean 53). 
"Their lack of underlying heart disease was determined on the 
-basis of normal findings on history, physical examination, 
"chest roentgenogram and electrocardiogram (that is, specifi- 
: lly no evidence of myocardial ischemia or infarction, 
«chamber enlargement or hypertrophy, or congenital syn- 
lrome), which were obtained in all patients, plus—in 21 pa- 
- tients— normal results on at least one of the following studies: 
-echocardiography (16 patients), radionuclide ventriculog- 
aphy (4), exercise testing (including thallium perfusion 
anning) (11) and hemodynamic and angiographic cardiac 
theterization study (3). 
up 11 contained 71 patients with organic heart disease. 
































disease included ischemia (56 percent), cardio- 


ges ranged from 12 to 87 years (mean 63). The causes l 


ercent), valve disease (10 percent), hyper- - i | 






Responses and Ventricular Tachycardia 








Mode of Site of | 
Stimulation Stimulation . 





Aq V2, Va RVA 














nV» RVA 
VV. V3 RVA 
vat 
Va Va V3 RVOT 
VBP RVOT 


RVA = right ventricular apex; RVOT = right verified 
VBP = ventricular burst pacing. See Methods for. detailed | 
and definitions. : 


presence of heart disease was determined on the basis of h : 
tory, physical examination, 12 lead electrocardiogram, d 
chest roentgenogram, which were obtained in all patients, plu 
the findings of specific tests performed at the discretion of 
each patient's physician: echocardiography (35 patients), 
radionuclide ventriculography (26), exercise testing (18) an | 
cardiac catheterization (32). 
Patients with atrioventricular (A-V) nodal or sinus nodal 
dysfunction, but without evidence of any of the types of heart 
disease manifested by Group IH, were included in Group I. 
Spontaneous arrhythmia classification: The definition _ 
of spontaneous ventricular tachyarrhythmia required atleast | 
one episode of spontaneous ventricular tachycardia or fibril- a 
lation (not occurring in the early phase of acute myocardial 
infarction) documented by electrocardiography, or resusci- | 
tation from cardiac arrest in the absence of electrocardio- 
graphic recording (one patient). Spontaneous arrhythmia was 
documented in the resting electrocardiogram of 33 patients 
24 hour ambulatory tapes of 17 patients, and exercise elec 
trocardiograms of 5 patients. Fifty-five episodes of ventricul 
tachycardia occurred in 49 patients. Spontaneous ventricule 
tachycardia was defined as three or more consecutive 
tricular premature complexes at a rate greater than 100/ 
Spontaneous ventricular tachycardia that. stopped : with 
an intervention was called nonsustained; when an intervent 
was required to stop the ventricular tachycardia, it was 
sustained. 
Electrophysiologic testing: All patients were studi 
the nonsedated postabsorptive state after informed: y 
consent was obtained. Right heart catheterization w. 
formed by way of the femoral or the basilic veins, or 
two to three 6 or 7 French multielectrode cathe 
grams were routinely recorded from the righ 
atrioventricular (A-V) junction (His bundle electro, 
the right ventricle (apex or outflow tract). The ele 
were filtered at 30 and 500 hertz and displayed on 
loscope of an Electronics-for-Medicine VR-16 rec 
gether with three orthogonal surface electroca 
leads (I, aVF and V4). All data were printed on ph 











































Stimulation was performed wiih a Bicom Aa 
multichannel programmable stimulator. Stimu 
poaa e of 2 ms duration and twice 












from. 400 to x 0 ms in 8501 ms 
ent ricular premature stimuli were moved 
If stimulation from the right ventricular 
drive interval of 600 ms failed to produce 
tachycardia, V1, Vo, V5 stimulation was 
/1,V, drive interval of 400 ms. If sustained 
cardia was still not induced, then the right 
ow tract was stimulated using a V4, V, drive 
* Ny Va, V4, V5, Va and ventricular burst 
| out, in sequence, until reproducible sus- 
achycardia was induced or the protocol was 
ial pacing was omitted from the protocol se- 
0 patients who had atrial fibrillation. Of the 
tudied with our protocol, 90 were tested with 
th Ai, Va V 3, 99 with Vi, Va 99 with Vi, V2, Vg and 
ricular burst pacing. All 67 patients who failed to 
tricular tachycardia induced with programmed 
timulation had the entire stimulation protocol. 
dications for electrophysiologic testing differed in 
groups. The majority (52 percent) of patients in Group 
heart. disease) were studied for unexplained syncope or 
a ncope, compared with 18 percent of patients in Group 
(heart disease). The majority (65 percent) of patients in 
oup | II were studied for recurrent ventricular tachycardia, 
mpared with only 14 percent of patients in Group I. Nine- 
een percent in Group II and 5 percent in Group I were studied 
or supraventricular arrhythmias. Both groups had the same 
percent of patients undergoing assessment of sinus nodal 
unction (10 percent) and A-V conduction (5 percent). 

- Definitions: The following definitions were used for ven- 
ricular tachycardia induced by programmed ventricular 
imulation: © 

Nonsustained ventricular tachycardia—a run of at least 
e consecutive ventricular complexes at a rate greater than 
0/min that occurred after the last stimulated QRS complex 
id that stopped without intervention. 

stained ventricular tachycardia—a run of ventricular 
mplexes that required intervention to stop it. 

c petitive ventricular response—one or two ventricular 
lexes after the last stimulated QRS complex. 

ly intraventricular reentry (not His bundle reentry) was 
petitive ventricular response for the purpose 
is distinction was made using the criteria 
tar et 21.1? A rhythm was considered induc- 
en t was elicited in at least two of three trials with 














cal methods: Standard statistical procedures were 
ie categorical data.!6 The chi-square statistic 
ess the significance of association in the 2 by 
odds ratio was used to measure the strength of 
in these tables. The kappa statistic was used to 
cO ets between spontaneous ventricular 
and ventricular tachycardia induced by pro- 
nulation. A chi-square statistic for comparing 
between two or more proportions was used to 
'es in the proportions of patients who had both 
id induced sustained ventricular tachycardia 
boratories, including ours. 513.17 





l nonsustained arth) hmia in t 





c tion: Forty-five (63 
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Ventricular 

Tachycardia Spontaneous Ventricular Tachycardia 

Induced by MS DE EDEN Se 

Stimulation Sustained Nonsustained None Total 
Sustained 12 2 0 14 
Nonsustained 10 8 1 19 
None 9 8 50 67 
Total 31 18 51 100 


had had at least one documented episode of spontane- 
ous ventricular tachycardia or fibrillation before elec- 
trophysiologic study. Of these 45 patients in Group II, 
30 (67 percent) had an episode of sustained spontane- 
ous ventricular tachycardia or ventricular fibrillation, 
compared with only 1 (25 percent) of the 4 in Group I. 
'Thus before the electrophysiologic study, a spontaneous 
sustained ventricular tachyarrhythmia was documented 
in a total of 31 patients, and nonsustained ventricular 
tachycardia in another 18. 

Responses to programmed electrical stimulation: 

1. Induction of ventricular tachycardia in patients 
with spontaneous ventricular tachyarrhythmias: 
Among the 33 patients with induced ventricular 
tachycardia, in 1 (4 percent) of 28 tachycardia was in- 
ducible with A;,V2 stimulation; in 3 (11 percent) of 28 
it was inducible with A1,V5,Vs stimulation; in 3 (9 per- 
cent) of 32 it was inducible with Vi, V» stimulation; and 
in 3 (12 percent) of 26 it was inducible with ventricular 
burst pacing. V4, Vo, Vastimulation was by far the most 
sensitive stimulation mode for inducing ventricular 
tachycardia; this mode induced ventricular tachycardia 
in 31 (97 percent) of the 32 patients with inducible 
tachycardia so tested. However, V1, V2, V5 stimulation 
also caused the only false positive ventricular tachy- 
cardia (nonsustained)—in a patient without docu- 
mentation or even suspicion of a tachyarrhythmia who 
was being studied for progressive A-V conduction dis- 
ease. 

Thirty-one patients from either group had had at 
least one documented episode of either sustained ven- 
tricular tachycardia (24 patients) or ventricular fibril- — 
lation (7). In these patients, our stimulation protocol . 
was able to induce ventricular tachycardia in 22 (71 | 
percent), the arrhythmia was nonsustained in 10 (32 _ 
percent) and sustained in 12 (39 percent) (Table IT). Ten 
of the latter 12 patients required direct current coun- 
tershock, and 2 required overdrive pacing to terminate 
the induced arrhythmia. Of the 31 patients who had | 
spontaneous sustained ventricular tachycardia, in 9 (29 
percent) the arrbythmia could not be induced in the - 
laboratory with the protocol under study. 

Eight (44 percent) of the 18 patients who had spon- - 
taneous nonsustained ventricular tachycardia had a | 
: Aduced A by Programmed Ec 
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Spontaneous 


Repetitive Ventricular Tachycardia 
Ventricular i 
Response 


Present Absent Total 


Present 
Absent 
Present 
Absent 


E of — 18 patients had sustained ventricular tachy- 
-cardia induced in the laboratory, and 8 others (44 per- 
-` cent) had no tachyarrhythmia induced (Table II). 

^ . The overall concordance between spontaneous ven- 
¿“tricular tachycardia or fibrillation and ventricular 
tachycardia induced by programmed stimulation was 
. excellent (Table IT). The results were concordant in 70 
- percent of the patients (kappa = 0.48, p «0.001). This 
Indicates that programmed ventricular stimulation is 
. a very reliable test. In 27 (90 percent) of 30 instances, 
_ departures from concordance were caused by lesser 
-. responses to programmed stimulation. For example, of 
.. the 31 patients with spontaneous sustained ventricular 
_ tachycardia 10 had nonsustained ventricular tachy- 
` cardia and 9 had no ventricular tachycardia at all during 
programmed stimulation. In only 3 instances did our 
Stimulation protocol induce a more advanced grade of 
response than occurred spontaneously. 

2. Prevalence, sensitivity and specificity of the re- 
petitive ventricular response: 'Table III shows the re- 
sults of induction of repetitive ventricular responses in 

.. both groups with respect to spontaneous ventricular 
tachyarrhythmias. Several points are noteworthy. First, 
- the repetitive ventricular response was inducible in 12 
_ (41 percent) of 29 patients in Group I. Second, although 
_ the repetitive ventricular response induced by pro- 
me grammed stimulation was 100 percent sensitive for 
those in Group I who had spontaneous ventricular 
> tachycardia (occurring i in 4 of 4), it was not very specific; 
that is, it occurred in 32 percent (8 of 25) who did not 
. have spontaneous ventricular tachycardia. Among pa- 
< tients in Group II, a repetitive ventricular response 
> occurred in 77 percent (55 of 71). This response was 
- highly sensitive in Group II; 41 (91 percent) of the 45 
patients who had had spontaneous ventricular tachy- 
-cardia had a repetitive response. As in Group I, the re- 
» petitive ventricular response lacked specificity in pa- 
. tients with heart disease, occurring in 14 (54 percent) 
. of 26 of those without prior spontaneous ventricular 
achycardia. 
3. Prevalence, sensitivity and specificity of ven- 
ular tachycardia: Table IV shows the results of in- 
tion of ventricular tachycardia in the two groups. In 
4, ventricular tachycardia induced by pro- 
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Disease Stimulation 


Present 
Absent 
Present 
Absent 


Present . 
(Group li) 
Absent | 
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spontaneous ventricular tachyarthythmiag te 
However, it was 100 percent specific, because it. 

only in patients who had previously had venti 
tachycardia; thus there were no false positive respon 

in Group I. 

Among patients in Group II, our stimulation protoc 
was 67 percent sensitive; that i is, 30 of the 45 patients 
who had spontaneous episodes of ventricular tachy- 
cardia or fibrillation had ventricular tachycardia i 
duced. In this group also, ventricular tachycardia i in 
duced by programmed electrical stimulation was highl 
specific (96 percent). Twenty-six patients in Group H 
had no ventricular tachyarrhythmia either documentec | 
or clinically suspected. Of these 26, only 1 patient had 
ventricular tachycardia inducible by programmed 
stimulation, a false positive response rate of 4 per- 
cent. 


































Discussion 


In this prospective study of 100 patients s we deter 
mined the sensitivity and specificity of a uniform | rig 
ventricular programmed electrical stimulation protocol. 
Specifically, we have shown that (1) a repetitive ven 
tricular response and ventricular tachycardia are fre 
quently inducible in patients with prior spontaneou 
ventricular tachyarrhythmias, whether or not the 
underlying heart disease; (2) the repetitive ve 
response has high sensitivity but low specific 
identifying persons with spontaneous vent 
tachyarrhythmias in either group; (3) induce 
tricular tachycardia has moderate sensitivi y 
specificity for prior spontaneous ventricular 
rhythmias in either group; and (4) induce 
tachycardia is extremely rare in patients with 
documentation of, or suspicion of, spontaneo 
tricular tachyarrhythmias (that is, a false positive 
even among patients with heart disease. Contrar 
a priori hypothesis, the sensitivity and specif 
repetitive ventricular response and induced ve 
tachycardia were not influenced A the pre 
absence of heart disease. | 

Significance of the repetitive. ven 
sponse: In 1978 Greene et al.’ foun 
sensitivity and specificity for the rt 
response in p tir e 




























































| xu stimuli dune sinus T He 
jatients (8 percent) with a repetitive 
r sponse. Farshidi et al.!8 in 1980 found 
| eee er Ae eile a (intraven- 


ease Ed. in 4l icit of those without 
ence is even more striking when one considers 
i et al. included in their data 48 patients 
red left ventricular stimulation. Ruskin et 
izing a right ventricular stimulation protocol 
n ilar to ours, induced repetitive ventricular re- 
'onses in only 44 percent of 85 patients with a history 
ventricular tachycardia or fibrillation, whereas we 
ad a 92 percent rate of induction. Thus, the sensitivity 
f the repetitive ventricular response in identifying 
tients with clinical ventricular tachyarrhythmias has 
aried markedly among different patient groups, even 
hen the stimulation protocols were similar. 

- The specificity of the repetitive ventricular response 
- was examined in two previous studies. Greene et al., 

| among a total of 110 patients (including 12 patients 
_ without a history of arrhythmia, 50 patients with re- 
urrent ventricular tachycardia and 48 survivors of 
cute myocardial infarction), found that the repetitive 
entricular response had a 90 percent specificity in 
lentifying patients who had had, or would have, 
pontaneous ventricular tachyarrhythmias. Farshidi et 
18 studied a heterogeneous group of 400 patients with 
much more vigorous protocol and found that the re- 














ion to Evaluate Ventricular Tachycardia 


Stimulation Protocol 


A A Va Va Va VaV MÀ 
V4, V5,V4, V; VBE;RV4ULV»; 
RV ,LV4,L Va; isoproterenol 


Ay AGA AalV1.ViiV Va 
V4, Va Va; VBP (RV only) 


Vo; Va VaV p Va Va; 
VBP: (all modes repeated i in LV) 


ALA ALAA nA ANV Vo 

V4 Vo, VaV t Yaa V; VBP; 
isoproterenol, ventricular 

s ramp’ ' pacing 


T / ANa Va Vo Vo, Va 
(RV. ind. BN | outflow ach, 






















iricular tep onse to] have o on dy 57} percen t speci j 
a false positive rate of 43 percent. This was forei- . 
ther Group I or Group II. We found that the association ~ 











between spontaneous ventricular tachycardia and the 
repetitive ventricular response was homogeneous for 
patients with (Group ID and without (Group I) heart 
disease, as tested by the Mantel-Haenszel chi-square 


statistic. - 

Thus, although several groups have studied the re- 
petitive ventricular response phenomenon, considerable 
differences in prevalence, sensitivity and specificity 
have been found.!? Some of this variability is probably 
attributable to differences among the various patient 
groups. Also, some of the variability may be attributable 
to differences in stimulation modes and sites. The ex- | 
treme sensitivity (92 percent) of the repetitive ven- | 
tricular response makes it potentially useful as a 
screening test. However, the response is not sufficiently 
specific to be a reliable indicator of arrhythmic risk or 
antiarrhythmic efficacy, as Schaeffer et al? sug- 
gested. 

Significance of inducible ventricular tachycar- 
dia: The sensitivity of programmed stimulation in in- 
ducing ventricular tachycardia among patients who 
have had a spontaneous episode has varied among lab- 
oratories, but generally ranges from 70 to 100 percent, 
depending on stimulation protocol, definitions of ar- 
rhythmia, and characteristics of the patient group.!* 
Table V shows the various stimulation protocols and 
differing definitions of ventricular tachycardia used by 
five clinical electrophysiology laboratories. 

In our study ventricular tachycardia was induced in 
32 (65 percent) of 49 patients who had spontaneous 
ventricular tachyarrhythmias. When this group was 
classified into patients with spontaneous sustained or 


n of Stimulation Protocols and Definitions of Ventricular Tachycardia Among Studies Using Programmed Electrical 


Definitions of Ventricular Tachycardia 
Sustained: 2.15 seconds | 
Nonsustained: 6 complexes to < 15 seconds 


Sustained: 2.100 complexes, not self-terminating 
Nonsustained: 2.5 but <100 complexes, self-terminating 
Repetitive ventricular response: 3 to 4 extra responses 


Sustained: > 1/min, not self-terminating 
Nonsustained: 2.3 complexes but <1/min, self-terminating 


VT: 23 ventricular complexes 
at a rate > 100/min 





Sustained: net self-terminating - | 
- (that is ired intervention) T 
axes but setf-terminatin 












"Sporisneous Jentila Tachycardia 








Total Sustained 










D ; i tachycardia in patients with spontaneous ventricular tachycardia). 


..nonsustained arrhythmias, the induction rate was 71 
.. percent and 56 percent, respectively. These rates are 
quite comparable (p 70.05) with those of Vandepol et 
al. when one excludes from their results patients 
whose arrhythmia was inducible only with left ven- 
tricular stimulation. Their induction rates, so adjusted, 
...are 84 percent (48 of 57) and 52 percent (15 of 29) for 
_ patients with prior sustained and nonsustained ven- 
tricular tachycardia, respectively. In fact, when one 
considers only patients with spontaneous sustained 
... ventricular tachycardia, and compares the rate of in- 
... ducible ventricular tachycardia among severa labora- 
^ tories! °15.!" (including ours), the proportions of patients 
with inducible arrhythmia are not significantly different 
(p >0.05) (Table VD. 
“a =- Although the stimulation protocol we tested was only 
.. moderately sensitive (65 percent), it was highly specific 
(98 pecent) for inducing ventricular tachycardia in pa- 
tients with spontaneous ventricular tachycarrhythmias. 
- -A similar degree of specificity was also found in the only 
_. other study to address this question. Vandepol et al.!? 
. found that only 3 (0.7 percent) of 443 patients without 
>; a prior spontaneous episode had inducible ventricular 
- tachycardia. A preliminary report from Fisher’s labo- 
.  ratory,!' where a different, more vigorous stimulation 
protocol is used, also shows a comparable degree of 
« specificity (95 percent) (Table VD. 
> Effect of heart disease: Before beginning this study, 
. we hypothesized that there would be an appreciable 
- false positive response rate in the patients with under- 
<.. lying heart disease (Group II). We suspected this be- 
^" cause many studies have shown that such persons have 
more spontaneous ventricular ectopic activity than do 
= normal subjects, suggesting that heart disease is asso- 
«^ ciated with electrical instability of the ventricle. Our 
-.— suspicion was strengthened by initial observations that 
. the vast majority of our patients with a history of sus- 
tained spontaneous ventricular tachycardia or ven- 
tricular fibrillation had heart disease, implying a posi- 
tive correlation between heart disease and electrical 
tability. Nevertheless, we found that among patients 
Group II, just as in Group I, the false positive rate of 
n of ventricular tachycardia was extremely low 




























are 3 


s highly speciti f 


Nonsustained None 


rue positives/(true positives + false negatives). ! True negatives/(false positives + true negatives). ae 
= false negative responses (failure to induce ventricular tachycardia in patients with spontaneous ventricular tachycardia); Fi FP = = : 
sponses (induction of ventricular tachycardia in patients without spontaneous ventricular tachycardia); TN = true negative respot 
' induce ventricular tachycardia in patients without spontaneous ventricular tachycardia); TP = true positive responses (maneton of ver 


guide therapy on 
` protocol being | 


uced. vel t icular - . proto 1 

















































neous episodes, whether or not heart. disease 
present. 

Effect of protocol: It is important to emphasize h 
that V,,V5,, V4, V4 stimulation and left ventricula 
stimulation were not part of our prospective protocol. 
However, these techniques were employed for clinical: 
purposes in six patients who had a history of sustaine 
ventricular tachycardia but who did not have arrhyth 
mia induced during the protocol that we were studying 
Inclusion of these six patients (four studied with left 
ventricular stimulation plus two others with 
V1,V2,V3,V4 stimulation from the right ventricle) would. 
have increased the sensitivity without decreasing th 
specificity, because only patients with previous spon- 
taneous ventricular tachyarrhythmias were so tested 

One possible criticism of our protocol concerns th 
two patients who were excluded because they lacke 
documentation of a ventricular tachyarrhythmia de 
spite a suggestive history. Both patients had inducibl 
ventricular tachycardia, sustained in one and nonsus 
tained in the other. Had we included them in the anal 
ysis, one might argue that their responses should hav 
been counted as two additional false positive response 
In our view, quite the contrary is true. Both patient 
gave a history of episodic, rapid palpitation of sudd 
onset and offset, associated with extreme weakness 
diaphoresis. In both cases the ventricular tachy 
induced in the laboratory reproduced their sy: 
and we treated them accordingly. In one the ; 
was controlled with amiodarone; the other | 
dial and endocardial activation mapping ai 
of the endocardial arrhythmogenic focus. Hi 
lack of a documented episode of tachycardia re 
us from using their data in the category to which 
propriately belonged —true positive responses. ; 
two patients illustrate the growing use of electro; 
ologic testing in guiding the therapy of pa 
have inducible ventricular tachycardia, and 
compatible with spontaneous episodes v | 
mentation. Other laboratories are curre: 
grammed stimulation in this manner.?!: 

It is reasonable. to use electri ph 



























many laboratories. The results 
solve other stimulation modes, such 


eft ventricular stimulation, remain 



















mpl ications: There are two major clinical 
a our r conclusions. Because of its low false 
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Natural history, structural substrate, electrocardiographic and ele 
physiologic characteristics and therapy were evaluated in 18 patient wh 
demonstrated repetitive ventricular tachycardia, defined as rep 


t episodes of ventricular tachycardia that had a uniform QRS configurat 
_ WARREN M. JACKMAN, MD and normal sinus-conducted QRS complexes between the episodes 
: . JAMES J. HEGER, MD tachycardia. The patients were young (mean age 37 years) and frequenti 
e Indianapolis, Indiana had a long history of arrhythmia before this evaluation; only two patient 


had a history of syncope and six were completely asymptomatic. F: 
patients had no evidence of underlying structural heart disease, three had 
mitral valve prolapse and one had congestive cardiomyopathy. Episode 
of ventricular tachycardia tended to occur in clusters over a 24 hou 
electrocardiographic recording period. 

Repetitive ventricular tachycardia was induced in two of nine patient 
by programmed electrical stimulation, and in seven patients incrementa 
atrial and ventricular pacing suppressed spontaneous arrhythmia. In the 
one patient whose tachycardia was induced by incremental ventricular 
pacing there was an inverse relation between pacing cycle length and 
the interval from the last paced complex to the first complex of ventricular 
tachycardia, indicating there was overdrive suppression. 

At a follow-up time of 0.5 to 8 years no patient had died or had wors- 
ening of symptoms. Encainide completely eliminated episodes of ven 
tricular tachycardia during acute treatment in five of six patients teste 
Seven patients received no antiarrhythmic therapy and the arrhythmia 
appeared to have spontaneously resolved in four of these patients. | 
petitive ventricular tachycardia appears to have distinct clinical ane 
electrophysiologic characteristics. In this series the arrhythmia had a ¢ joo 
prognosis and often required no treatment. The electrophysiologic i feature 
are consistent with a mechanism of automaticity. 


= From the Krannert Institute of Cardiology, De- 
partment of Medicine, Indiana University School 
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are normal. 


rophysiologic or hemodynamic data are 
r this group of patients. Chapman et al.'? 
coronary arteriograms, hemodynamics and 
is intracardiac conduction intervals were 
n four patients. Denes et al.!4 found that pro- 
d electrical stimulation did not induce ven- 
tachycardia in six patients who had repetitive 
iomorphic ventricular tachycardia. However, their 
acing protocol did not routinely include multiple 
remature ventricular extrastimuli or pacing at more 
han one ventricular site. Finally, characteristics of re- 
petitive monomorphic ventricular tachycardia from 
long-term electrocardiographie recordings have not 
-been described because most clinical reports antedate 
introduction of the method. The purpose of this study 
yas to define the structural substrate, electrophysiologic 
nd electrocardiographic variables, the need for and 
esponse to antiarrhythmic drug therapy and the 
long-term prognosis of patients who exhibit repetitive 
$ onomorphic ventricular tachycardia. 


Methods 


Definition and study patients: The study group was de- 
by features from electrocardiographic records (Fig. 1). 
idard electrocardiography each patient exhibited re- 
pisodes of three or more consecutive premature 
ir complexes with only brief periods of intervening 
iplexes so that ventricular tachycardia appeared to 
inant rhythm. All premature ventricular complexes 
m QRS configuration and sinus-conducted com- 
| a normal QRS pattern without intraventricular 
delay or pathologic Q waves. 

ocardiograms and ambulatory recordings from a 
90 patients evaluated for ventricular arrhythmias 
ined. A subset of 18 patients met the criteria of 
e monomorphic ventricular tachycardia. In all pa- 
rrhythmia was documented to be present for at 
d and occurred in the absence of antiarrhythmic 














































ve monomorphic ventricular tachycardia. Electrocardiographic lead Il recording demonstrating repetitive runs of nonsustained 
ycardia and single premature ventricular complexes. The configuration of the ectopic complexes is uniform. The sinus-conducted 
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ratories). In six patients a 24 hour printout of the electrocar- 
diogram (7700 Eliminator, American Edwards Laboratories) 
(Fig. 2) was visually scanned to estimate the total number 
(that is; 101-102, 102-102, 109—104) of daily episodes of ven- 
tricular tachycardia. In the one other patient, tapes were 
scanned (Avionics Cardioscanner model 660A) by a trained 
technician who noted and recorded episodes of ventricular 
tachycardia. 

Thirteen patients had graded exercise testing utilizing a 
modified Balke protocol. The frequency and duration of 
ventricular tachycardia during exercise or the 5 minute 
postexercise period was compared with values during the 6 
minute resting period before exercise. Ventricular tachycardia 
was increased by exercise if more frequent or longer episodes 
occurred or if the arrhythmia was present during exercise but 
absent during the rest period. Ventricular tachycardia was 
decreased if the arrhythmia decreased in frequency or dis- 
appeared, usually when the exercise sinus rate exceeded the 
rate of ventricular tachycardia. M mode or two dimensional 
echocardiograms, or both, were performed in 15 patients. 
Fifteen patients underwent cardiac catheterization, 14 of 
whom also had coronary angiography. 

Electrophysiologic study: Electrophysiologic studies were 
performed in nine patients in the drug-free, control state using 
two to five intracardiac electrode catheters.!? Tracings were 
recorded on a muitichannel oscilloscopic recorder (Electronics 
for Medicine VR-12) at a paper speed of 100 mm/s using filter 
settings of 30 to 500 hertz for the intracardiac electrograms, 
and 0.1 to 20 hertz for the surface electrocardiograms. The 
heart was paced using a programmable stimulator (Medtronic 
Model 5325) that delivered square wave stimuli of 1.8 ms 
duration at two times late diastolic threshold. The following 
pacing protocol was used in an attempt to initiate ventricular 
tachycardia: 

1. Left or right atrial pacing, or both, at progressively - 
faster rates until atrioventricular block occurred. 


2. Premature right atrial stimulation at two or more ^ 


pacing cycle lengths. Premature stimuli were introduced 
beginning late in diastole and at 10 to 20 ms decrements until 
atrial refractoriness was obtained. 

3. Premature right ventricular stimulation during sinus 
rhythm and ventricular pacing. Premature stimuli (S5) were 
initiated after every eighth paced or sinus complex beginning 
in late diastole and the coupling interval was progressively 
shortened until ventricular refractoriness was reached. Then, 
if ventricular tachycardia was not reproducibly initiated, the 
shortest coupling interval (S,-85) resulting in consistent 
ventricular capture was chosen and a second premature 


stimulus (S3) was introduced beginning at an S-S; interval 


rval. The S-S; interval was 
ts until Ss no longer re- | 
| if ventricular tachycardia D 





















1e Sı-Sz interval was increased ^ persisted, the cycle le 
erval was set at 100 ms longer than. ^ pacing was compared 
2-55 interval was shortened until the Therapy and follow 
therapy was. prescribed: for. patie e 
(syncope, presyncope, uncomfortable 
lar depolarization. This pacing sequence was repeated Conventional antiarrhythmic medication: 
til the ventricle was refractory to So. effective and well tolerated; experimenti Brug 
Three to eight complexes of right ventricular burst ployed in those symptomatic patients whose arri 
ng at a cycle length of 250 ms or more. refractory to conventional therapy or in whom 
5.. For seven patients, premature ventricular stimulation side-effects occurred. Encainide was tested ii 
s performed at two or more pacing cycle lengths and both tomatic patients who could not tolerate conven 
nature ventricular stimulation and burst pacing were or whose arrhythmia was resistant to it. Encainicie 
formed at two right ventricular sites (usually apex and administered at a dose of 25 mg every 6 hours, at 
st ow tact. was increased until either the arrhythmia was ab 
© Incremental ventricular. pacing. The ventricle was paced total dose of 75 mg every 6 hours was achieved. - 
during sinus rhythm at multiple rates greater than the spon- During the long-term follow-up per iod, clinical s 
taneous rate but less than 200/min, using 8 to 12 complexes/ determined for all patients by history, physical ex: 
> pacing run. The number of complexes was the same in any and standard electrocardiogram performed wit 
given patient. If ventricular tachycardia was induced, the of this report. In 15 patients a 24 hour ambulatory 
c coupling interval of the last paced complex to the first spon- cardiographic recording was performed during follo: 
_ taneous complex of ventricular tachycardia was measured. evaluation and the tapes were visually scanned (Avionics 
., Similarly, ventricular pacing runs of 8 to 12 complexes were Cardioscanner model 660A) by a technician who recorded a 
“performed during ventricular tachycardia and if tachycardia episodes of ventricular tachycardia. Em 
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teristies (Table I): The patient 
10 men and 8 women, with a mean 
range 18 to 61). Syncope was reported 
tients; the other eight symptomatic pa- 
lightheadedness, fatigue or palpitation. 
iad no cardiac symptoms, and the ar- 
liscovered during evaluation of another 
ring a routine health maintenance ex- 


patien ts had no evidence of organic heart 
etermined by history, physical examination, 
catheterization and echocardiography. Three 
yther four patients had mitral valve prolapse as 
r only cardiac abnormality; none had a murmur 
gest ng hemodynamically significant valve regurg- 
ion or findings suggesting a connective tissue dis- 
order. The fourth patient had left ventricular enlarge- 
ent by echocardiography and cineangiography and 
was diagnosed as having mild congestive cardiomyop- 
athy. Of the 15 patients who had cardiac catheterization, 
all except one patient (aged 18 years) had coronary 
angiography. No patient had significant obstructive 
disease (affecting 50 percent or more of luminal diam- 
eter), and in most cases the coronary arteries were en- 











Frontal Plane . Rate* 


Horizontal 
d Axis (beats/min) 


ssion rami | 


———— (a: 


Coupling Interval * 
During NSR (ms) 


of left bundle ante block. i in “eight patiente ihe co " 
figuration resembled that of right bundle branch block. = 
In 16 patients the rate of ventricular tachycardia was ` 
relatively constant and usual rates were 100 to 150/min. 
In Patient 8, ventricular tachycardia rate varied from 
100 to 200/min; in Patient 9 the range was 100 to 250/ 
min. Late cycle and variably coupled premature ven- 
tricular complexes occurred in a majority of the pa- 
tients. Consequently, ventricular tachycardia often 
began with a fusion complex. In four patients the cou- 
pling interval was relatively fixed (less than 80 ms 


variation) and in Patients 3 and 10 it was short (340to — 


410 ms and 400 to 440 ms, respectively). 
In 17 of the 18 patients, episodes of ventricular | 
tachycardia were usually 3 to 15 complexes in dura- 
tion, although 11 o? these 17 patients had occasional 
episodes of longer duration. One patient (Case 16) had 
virtually continuous ventricular tachycardia at a rate 
of 125/min that was rarely interrupted by a sinus-con- 
ducted complex except during exercise when the sinus 
rate exceeded the ventricular tachycardia rate. 
Thirteen patients underwent exercise testing in the 
drug-free control state. Ventricular tachycardia in- 
creased in five patients, decreased in five and was un- 
changed in three during exercise as compared with the 
quiet standing period before exercise. Exercise tolerance 
was normal in these 13 patients and in 3 others who were 
tested only while receiving antiarrhythmic medications. 
'The patients whose ventricular arrhythmia appeared 
to be suppressed by exercise could not be clearly dis- 
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NM 125-140 480—600 
2. 120 560-680 
NI 150 - 340-410 
NI 150-210 340-780 
NI 120 500—548 
R 110-140 480-700 
(ON 110-150 360—550 
© R -400-200 340-1090 
Ro 100-250 360-760 
R. 150 400—440 

L 130-140 420-540 
NI 440-180 400-520 
A ^ 120 460-650 
oe, 125 560-800 
NL 100-125 600—760 

Mio 125 | 

140 440-660 


420-460 VS 


Arrhythmia 
Response Ambulatory Recording Data? 
to Graded ! 
VT Duration* Exercise Single PVCs VT Episodes. 
(complexes) Tasting 24h 24h 
3-8 $us 
3-8 No change 34,786 32 
3-27 increased 60,297 3,741 
2150 Iis 1,186 20 
o Decreased 15,081 2,204 
2110 increased > 103« 104 
3-20 No change | > 103« 104 
3-110 increased 11,789 666 
3-22 increased > 10?« 104 
3-5 Decreased 
>140 No change > 10?« 10? 
3-36 Decreased 
3-70 increased 
3-55 "UN 210?« 10^ 
Continuous Decreased 
Dec seed > 10°< 104 


teuer c complex; R = right; RBBB 


| reco 'ordings. t Precise 
HA 9, whose tapes 
I ased on analysis 
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Duration* 
(yr) 





Age yn | 


 &sex ilgos 


 20F Normal 


Symptoms 
















2 Presyncope 
61F Normal Presyncope + 210 

palpitation 
43M MVP Presyncope t 210 

l palpitation 
|. 52F Normal Presyncope + 4-5 

ES paipitation 
48F MVP © Fatigue + 4 

| (| palpitation 
21F Normal Syncope a4 
58M Normal None 22 
32F MVP Syncope 12 
28M Normal Palpitation 3 
51F Normal. Fatigue 1.5 
18F Normal. Palpitation 12 
29F Normal Presyncope 0.5 
32M Normal None 8 
42M Normal None 0.1 
34M Mild CMP None 16 
20M Normal None 6 
54M Normal Presyncope + 2 

fatigue 
D .. 31M Normal None 0.2 
Mean 37 5.3 
. Range 18-61 0.2-16 
- ..* Period of time since onset of symptoms or from diagnosis to our 


evaluation, 
(000 CMP = congestive cardiomyopathy; F = female; M = male; MVP 
ie 3 = -miral valve prolapse. 


-tinguished by clinical features or characteristics of 
_ ventricular tachycardia from the other patients who had 
|. no change or an exacerbation of arrhythmia during ex- 
-. eercise. 

- « Multiple episodes of ventricular tachycardia oc- 
-...eurred in all 12 patients who underwent 24 hour elec- 
_ trocardiographic recordings during control evaluation. 
«However, the frequency of discrete episodes of ven- 
tricular tachycardia varied from 10 to 10,000 a day as 
n easured in the 11 patients who had quantitative 
alysis of electrocardiographic recordings (Fig. 3). 
Episodes of ventricular tachycardia, pairs of pre- 
mature ventricular complexes and isolated premature 
ventricular complexes tended to cluster in time of oc- 
- - eurrence as demonstrated graphically for Patient 6 in 
.... Figure 4A. Hourly periods that demonstrated ventric- 
^. ular tachycardia and ventricular pairs overlapped, 
-whereas most single premature ventricular complexes 
occurred later in the recording when ventricular 
‘tachycardia was absent. Conversely, although there 
ere virtually no sinus-conducted com plexes i in the first 
^ half of the recording, long periods of sinus rhythm with 
» . infrequent, isolated premature ventricular complexes 
^. occurred in the middle and final hours of the recording 

- (Fig. 4B). 

. Only Patient 3 had a marked diminution in ven- 
tricular arrhythmia at night. He had 60,000 ventricular 
RE ecd ET T7 | awake nents but Rete one 

plex 
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Discrete episodes of VT n. | e : 
FIGURE 3. Histographic representation of the frequency of ventricul. 
tachycardia (VT) in the 11 patients who had quantitative or semiqu 
titative 24 hour ambulatory electrocardiographic recordings. More tha 


half of the group had between 1,000 and 10,000 episodes of veni ule 
tachycardia a day. : 


opposite pattern did not occur, that is, no patient: t ha 
a preponderance of ventricular arrhythmia during t tt 
night. n 
Electrophysiologic characteristics (Table HI 
Nine patients had an electrophysiologic stu 
Atrium-His (A-H) and His-ventricle (H-V) interv 
were normal during spontaneous sinus rhythm in 
patients. With incremental atrial pacing the short 
pacing cycle length resulting in 1:1 atrioventr 
(A- V) nodal conduction was slightly prolonged 
patients (510 and 520 ms, respectively). The rig 
tricular effective and functional refractory peric 
normal in all patients. |. .—— " 
In seven. Me ther mine ^ patients ginal and Lp 7 


venie alari pacing at a ere cn, of le 
repeatedly induced ventricular tachycardi 
coupling interval between the last. complex of 
drive and the first complex of ventricul 
was measured during pacing at multipl 
inversely related to the pacing cycle | 
(Fig. 6). In the other patient (Case 7) 
mature complexes persisted during a: 
ular pacing. No patient had accelera 
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GURE 4. Patient 6, A, hour by hour frequency distribution of single premature ventricular complexes (PVCS), pairs and three complex ventricular 
tachycardia (VT) during a 24 hour recording period. Times of peak frequency differed for the three types of ventricular arrhythmia although there 
was overlap in timing of pairs and three complex ventricular tachycardia. B, from the same recording period, demonstrates the number of minutes 

hour of normal sinus rhythm or sinus rhythm with no more than one premature ventricular complex per minute (clear) and the timing and frequency 
entricular tachycardia runs longer than three complexes in duratior (hatched). Despite the abundant arrhythmia early in the recording period, 
ong arrhythmia-free intervals are noted later in the recording. M = midnight; N = noon. 


acteristics (values in ms) of Ventricular Tachycardia in Nine Patients 








Ventricular Effect of incremental Atrial and 
incremental * Refractory Ventricular Pacing on Arrhythmia 
Atrial Periods eps Pe oe | M cH MEE | 
Pacing 1:1. PCL/ERP/FRP Atrial Overdrive Ventricular Overdrive 


= 70 30. 310 450/220/240 PCL <450 suppressed PCL <450 suppressed. 
eee .. 390 500/260/280 PCL «550 suppressed PCL «550 suppressed No 
|.50. 50 . 6510 800/250/260 PCL «520 induced " PCL «550 induced Yes 
50 40 -840 — 500/240/270 PCL <650 suppressed PCL <650 suppressed No 
<60 45 290 400/230/255 PCL. <500 suppressed PCL <500 suppressed No 
65-40 510 500/240/260 PCL <540 suppressed PCL «550 suppressed No 





Inducibility 








« 50. - + = intermittent capture? Intermittent capturet Yes 
450 - 400 500/250/280 PCL «450 suppressed PCL «500 suppressed No 
0 |. . 520  — 600/220/250 PCL «560 suppressed . POL «560 suppressed No 


1 associated with 1:1 atrioventricular conduction. | ninal pattern with pacing at a paced 

0 1 spontaneous or 3 paced to 1 spontaneo A : 
rogram to His bundle electrogram; ERP = effecti 
n to earliest ventricular activation; PCL ^ 




















od; FRP = functional refractory period; . 


ght ventricular; SCL = sinus cycle 
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ulis coc eather Tat 1 he » other Dadent double prema ture 
ventricular stimulation during ventricular. pacing in- 
duced ventricular tachycardia on one occasion. In this _ 
patient, critically timed ventricular single and double - 
r= 82 premature stimulation transiently terminated ven- 7 
tricular tachycardia during the part of the study in- 
which ventricular tachycardia was constantly present. | 
Although ventricular tachycardia could not be induced 





' 300 400 500 600 











S PCL ae in seven of the nine patients, six of these seven patients — 
rig interval Pe oe first complex of ventricular had multiple episodes of spontaneous ventricular | 
(ordinate) is inversely related to pacing cycle tachycardia during the study and the seventh had fre- 

b torent pacing cycle lengths i Patient 3. Tho quent paired ventricular premature complexes. — ^. 

Jas paced o complex to the first complex of ventricular Therapy and long-term follow-up study (Table 
hens as pacing cycle length shortens. This inverse IV): The mean follow-up time was 2 years (range 0.5 to 


igniticant (p P «o. 0.987. 8) after our evaluation and 8 years (range 1 to 2 18) since : 











aiment and Follow-Up 
paaa Current Status 




















Length of 
Prior Therapy Therapy Result Follow-up 24 Hour | 
TOv: | at at Period Ambulatory 
ase Prop Quin Proc Phen Dig Dis Discharge Discharge (vr) Symptoms Recording 
+ - -— None Asymptomatic & None No VT"; 
VT 1 PVC 
EE. T + + +  Encainide Complete 1.3 None No VT; | 
E suppression rare PVC 
VT; marked 
reduction 
PVCs | | 
+ + + + $+  Encainide Complete 13 None No VT 
suppression | AM 
+ + + +  -—  Encainide 90% suppression 1.5 Paipitation VT 
VT and PVCs 
+ + + + + Aprindine Complete — 13 None No VT; 
suppression rare PVC 
— -— -— — + Quinidine, Complete 1 .. None VT; AIVR 
propranolol suppression 
+ T i — +  Encainide Complete | 1 . None No VT; 
suppression frequent PVCs _ 
EM VT; marked 
E | | reduction PVCs | 
RU c * + + Encainide Complete .. 0.8 Rare |. NT 
| | suppression m syncope | is 
VT; marked > Zu v 
EE reduction PVCs * ? 
+ + + — +  Encainide Complete 1 .  Presyncope  VTÝ 
EE suppression d 
c+ o 6 — t + Quinidine, Marked 2 None VT 
E propranolol reduction VT | mr | 
Ue * = — + None Asymptomatic VT - 15 . None Not tested 
Ao a ES PS None Asymptomatic VT | 15 . None VT 
NE i + = — m None Asymptomatic VT. — 2 None  - No VT 
wem" ES ses ns ia Propranolol Asymptomatic VT 2.6 None . Nottested 
vm = + — None Asymptomatic VT 2 None No VT 
eee eet x er c NE None Asymptomatic VT 5. e None AIVR 
wo Me pe —  - Quinidine 29596 — | . 05 None No VT 
X oo reduction VT = 
_—Asympiomens VT a „No vr 








LI VTr recurred i in setting of decrease in pera | 
Phen = phen Pro poi Proc = = 'pro- A 
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and no progression of 








ated pati 5:1, 13, 15, 16 and 18) had no 
ntricular tachycardia on a 24 hour ambulatory elec- 

ocardiogram obtained a mean of 3.6 years (range 0.8 
0 8) after initial evaluation. These recordings revealed 














¿pairs of ventricular ectopic complexes in one pa- 
t, while Patient 16 had episodes of an accelerated 
ioventricular rhythm (rates 60 to 70/min). 
Encainide: Before our evaluation 14 patients had 
received one or more trials of antiarrhythmic drug 
therapy that were either ineffective in preventing ven- 
.. tricular tachycardia or associated with intolerable ef- 
fects. All seven patients tested with encainide had a 
*. Successful response, defined as a complete suppression 
of ventricular tachycardia in six patients and a greater 
-.; than 90 percent reduction of episodes of ventricular 
-tachycardia in one patient. Six of seven patients were 
_ discharged receiving encainide, but encainide therapy 
=< was stopped in the other patient because of adverse 
|. effects. This patient was treated with aprindine, which 
= abolished all episodes of tachycardia. Three of six pa- 
-tients treated with encainide had recurrent ventricular 
_ tachycardia during the follow-up period. One patient 
... had spontaneously reduced the encainide dose, another 
-. continued the same dose and the third patient has had 
_ control of symptomatic arrhythmia with the addition 
.. of tocainide and propranolol to the encainide regimen. 
_ Ventricular tachycardia in the other three patients 
treated with encainide continues to be totally con- 
= trolled. 
(0C Other treatment regimens included quinidine (one 
-- patient), propranolol (one patient), quinidine plus 
_ propranolol (two patients) and aprindine (one patient). 
_ During the follow-up period these five patients are free 
=< of symptoms, and 24 hour electrocardiographic re- 
~- cording in four patients demonstrated no ventricular 
< tachycardia in two patients while two others had epi- 
¿sodes of ventricular tachycardia with three or four 
-< premature complexes. 
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Discussion 


ae Repetitive ventricular tachycardia is a distinct syn- 
- drome of ventricular tachycardia that is often associated 


. With no or minimal structural heart disease and in this 


- setting appears to have an excellent prognosis. These 
findings, reported earlier by others,i-32-9 were con- 
rmed in the present study. In addition, we found that 
1)in a 24 hour recording period episodes of ventricular 
tachycardia cluster around discrete time intervals, (2) 
repetitive ventricular tachycardia is infrequently in- 
duced by programmed electrical stimulation, and (3) 
in some patients, encainide completely suppresses ep- 
isodes of repetitive ventricular tachycardia. 

Prevalence: The exact prevalence of repetitive mo- 
morphic ventricular tachycardia is difficult to assess 
se it often produces no symptoms and is only 
ed during routine examination. Of the last 250 
errred to our hospital for evaluation of 



















-ventricul 


symptoms. Five of the six - 


y isolated premature ventricular complexes in four 


induce ventricular tachycardia by our usual p 











Prognosis: The good prognos 
morphic ventricular tachycardia m 
presence in a young population usual 
heart disease. Other reports!^!6 iy 
prognosis of ventricular tachycardia in 
is related to the nature of underlying 
Although the majority of patients in our 8 
clinical evidence of structural heart. 
histopathologic changes may have beei 
count for the presence of arrhythmia and 
ports of arrhythmia-related deaths.410-12.17 

Age: The repetitive monomorphic v 
tachycardia was not found often in older patient 
haps because patients with this arrhythmia die 
early age or because the arrhythmia disappears 
time as myocardial changes, such as fibrosis, oc 
Given the benign nature of repetitive monom« 
ventricular tachycardia in our and reported!-?5-? da 
the first possibility appears unlikely. The appare 
disappearance of repetitive monomorphic ventricu 
tachycardia in five patients supports the second con 
clusion. ee 

Electrophysiologic findings: At electrophysiologi 
study all patients had normal A-H and H-V interval 
during normal sinus rhythm. The most promine 
finding was that programmed electrical stimulati 
induced ventricular tachycardia in only two of 
patients. More aggressive techniques of program 
electrical stimulation, including left ventricular stim 
ulation or catecholamine infusion, were not employec 
While these techniques might have yielded a greate 
incidence of induction of ventricular tachycardia, th 
significance and sensitivity of induction of arrhythmia. 
by such methods is unknown. We used the same pro 
tocol for programmed electrical stimulation with whic 
we successfully induced ventricular tachycardia in 9 
percent of patients who have sustained. ventricula 
tachycardia and ischemic heart disease, in 100 perce 
of patients who have sustained ventricular tachyca 
and no obvious heart disease and in 50 percent of 
tients who have nonsustained ventricular tachyc 
other than repetitive monomorphic ventricular t 
cardia (unpublished data). Therefore, the failu 





































































protocol in seven of nine patients differential 
group from other patients with recurrent ve 
tachycardia. CA 
Mechanism: The low frequency of indt 
ventricular tachycardia by programmed s 
suggests that a mechanism other than reentry may 
been the cause of tachycardia. We attempted to e 
whether an abnormal form of automaticity, 
triggered activity, *!? played a role in the gen 
tricular tachycardia. Since normal automati 
overdrive suppression we tested whether 
pacing cycle length was directly or invers 















































ventricular tachycardia had slowed 
‘min from an original rate of 125/min. 
ng does not exclude reentry, but would seem 
npatible with a decrease in discharge rate 
focus. 

mic drug therapy: Because the inci- 
hmia-related mortality with repetitive, 
ic ventricular tachycardia appeared mini- 
rrhythmic ¢ drug therapy was generally re- 
or relief of symptoms. Many of the patients were 
to us because the arrhythmia had not re- 
to conventional antiarrhythmic agents, 
ore investigational antiarrhythmic drugs were 
employed. In six of seven patients treated, en- 
nide totally suppressed all ventricular arrhythmias 
while the other patient had 95 percent suppression of 
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ako reported total: supp: S n t 
mia by encainide in patients Who had frequen 
ture ventricular complexes associated with av 
heart diseases. However, it is uncertain that e 
has unique antiarrhythmic efficacy in repeti 
tricular tachycardia because other agents h: 
equally effective in individual patients and a c 
comparative trial of antiarrhythmic En 
performed. 

In conclusion, repetitive monomorphic ve 
tachycardia, when associated with normal, si 
ducted QRS complexes, appears to have a beny 
with frequent spontaneous resolution. At elec 
iologic study, repetitive ventricular tachycar 
frequently induced by programmed stimula 
exhibits characteristics that suggest that autc 
may be a mechanism. Only symptomatic patie 
treatment, and in patients who do not respon 
ventional agents, encainide appears to be an 
antiarrhythmic drug. 
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ACE* INHIBITOR 


CAP OTEN | captopril tablets) - 


Because of its specific 
action within the 
renin-angiotensin- 
aldosterone (RAA) system, 
CAPOTEN enables you to 
reliably control blood 
pressure in a diverse 
group of hypertensive 
patients. 





Reduced Vasoconstrictive 
Activity 
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Peripheral Resistance 


Action of 
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Reduced Aldosterone 
Secretion 
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A design that controls blood pressure 
without the following usual antihypertensive 
side effects’ 


> No cardiac depression > Rare impotence/loss of libido 
> No glucose intolerance — 9» Rare bronchospasm 

> No bradycardia > Rare tachycardia 

> No mental depression > Rare fatigue 

> No sleep disturbances 


> No nasal congestion 


> No hypokalemia 


ACE INHIBITOR 


CAPOTEN 
(captopril tablets) 


* Please see brief summary of prescribing information on the 
last page of this advertisement for INDICATIONS AND 
USAGE, WARNINGS, and ADVERSE REACTIONS. 





ACE" INHIBITOR 


CAPOT EN captopril tablets) _ 


Designed to control blood pressure 
even when coexisting disorders 
complicate hypertension management 


Unlike some other antihypertensive agents, CAPOTEN is 
appropriate for use in the presence of a wide range of 
cardiovascular and metabolic disorders that often coexist with 
hypertension. 


> Bronchospastic disease 
> Cardiac arrhythmias 

> Congestive heart failure 
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> Hepatic disease 


Designed to control blood pressure 
when conventional multidrug regimens have 
proven inadequate 


In scores of clinical studies, the effectiveness of CAPOTEN in 
lowering elevated blood pressure has been proven in many kinds of 
hypertension — even in those types that are most difficult to treat. 


> Essential hypertension 
P» Hypertension resistant to standard triple therapy (STT) 


> Hypertension associated with low, normal, and high 
plasma renin levels 


> Renovascular hypertension 
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190 control 


> Routine monitoring procedures are 
1 70 recommended because serious side 

effects (neutropenia/agranulocytosis, 
proteinuria) have been associated with 
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> Obtain urinary protein level estimates 
prior to initiating therapy, at monthly 
intervals for the first nine months of 
treatment, and periodically thereafter. 


> Obtain WBC counts at the initiation of 
therapy, at two-week intervals for the first 
three months of treatment, and 
periodically thereafter. 


> Carefully review the WARNINGS and 
ADVERSE REACTIONS sections in the 
complete prescribing information, with 
particular attention to the patient at 
increased risk. 





> The most frequently occurring adverse 
reactions are skin rash and taste 
alteration; both effects are generally 
mild, reversible, or self-limited. 
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led to: respond satisfactorily d i 

ug regimens include. ccmbinations of a diuretic, a sympathetic nervous 
gent (such. as a beta-blocker} and a vasodilator. 

aptopril) is effective alone, but in the population described above, it should 

used n combination with a thiazide-type diuretic. The blood pressure lowering 

d thiazides appear to be additive. 


Total urinary proteins >1 g/day were seen in 1.2% of patients 
hrotic syndrome occurred in about ‘4th of these cases. Existence 
3 increased the likelihood of development of proteinuria. About 60% 
nts had evidence of prior renal disease; the remainder had no known 
tion, in most cases, proteinuria subsided or cleared within 6 months whether 
prit was continued, but some patients had persistent proteinuria. The BUN 
e were seldom altered in the proteinuric patients. 
igus glomerulopathy was found in nearly all the proteinuric patients on capto- 
re biopsied and may be drug related; this is uncertain since patients were not 
SH ior to treatment and membranous glomerulopathy may be associated with 
H ansion in absence of captopril therapy. Since most cases of proteinuria occurred 
the 8th month. of captopril therapy, patients on captopril should have urinary protein 
ates (dip-stick on tst morning urine. or quantitative 24-hr urine--the latter provides 
greater precision when proteinuria is persistent and/or at low levels) before therapy, at 
approx. monthly intervals for the 1s: 9 months of therapy, and periodically thereafter. 
For patients. who develop proteinuria >t g/day, or increasing proteinuria, the benefits 
and risks of continuing captopril shouid be evaluated. 
TAM Neutropenia/ Agranulocytosis —Nautropenia («:300/mm?) associated with myeloid 
hypoplasia (probably drug related) occurred in about 0.3% of captopril treated patients. 
About halt of the neutropenic patients developed systemic or oral cavity infections or 
ther features of agranulocytosis. Most of the neutropenic patients had severe hyperten- 
'sion and renal function impairment; about half had systemic lupus erythematosus (SLE), 
or another autoimmune/collagen disorder; multiple concomitant drug therapy was com- 
en. including immunosuppressive therapy in a few cases. Daily doses of captopril in 
ie leukopenic patients were relatively high, particularly in view of their diminished renal 
function. The neutropenia appeared 3 to 12 weeks after starting captopril, it developed 
relatively slowly, taking 10 to 30 days to have white blood count fall to its nadir, neutro- 
pnis ret returned to normal in about 2 weeks {other than 2 patients who died of sepsis). 
2 Use captopril with caution in patients with impaired renal function, serious auto- 
immune disease (particularly SLE), or who are exposed to other drugs known to affect 
- the white celis or immune response. in patients at particular risk (as noted above), 
_ perlorm white blood cell and differential counts prior to therapy, at about 2-week intervals 
- for about the Tst 3 months of therapy, and periodically thereafter. 
t: 7 The risk of neutropenia in patients who are less seriously ill or who receive lower 
' dosages appears to be smaller, and it is sufficient in these patients to have white blood 
"Cell. counts every 2 weeks for the tst 3 months of therapy, and periodically thereafter. 
voPertorm ditferential counts when leukocytes are <4000/mm or the pretherapy white 
““gount.is halved. All patients treated with captopril should be told to report any signs of 
| infection (e.g., sore throat; fever); if infection is suspected, perform counts without delay 
Since discontinuation of captopril and other drugs nas generally led to prompt return 
«of. the white count to normal, upon confirmation of neutropenia (neutrophil count 
v 0«:1000/ mm^) withdraw captopril and closely follow the patient's course. 


_ Mypotension--Excessive hypotension was rarely seen in hypertensive patients but is a 
» possible consequence of captopril use in severely sait/volume depleted persons such as 
those treated vigorously with diuretics, e.g., patients with severe congestive heart failure 
(see PRECAUTIONS [Drug Interacticns]). 


PRECAUTIONS: General: Impaired Renal Function—Some patients with renal disease, 
_ particularly those with severe renal artery stenosis, have developed increases in BUN 
: «and serum creatinine after reductior of biood pressure with captopril. (t may be necessary 
| tC reduce captopril dosage and/or discontinue diuretic. For some of these patients, nor- 
.' malization of blood pressure and maintenance of adequate renal perfusion may not be 
possible (see DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Labora- 
tery: Findings]). Surgery; Anesthesia—During major surgery or anesthesia with agents that 
2: produce hypotension, captopril wil block angiotensin Il formation secondary to com- 
t itory renin release; if hypotension occurs and is considered due to this mechanism, 
' itis correctable by volume expansion. 

-Drug interactions: Hypotension: Patients on Diuretic Therapy—A precipitous reduction of 
Blood pressure may occasionally occur within the 1st 3 hours after administration of the 
initial captopril dose in patients on diuretics, especially those recently placed on diuretic 
therapy and those on severe dietary salt restriction or dialysis. The possibility of hypo- 
tensive effects can be minimized by either discontinuing the diuretic or increasing the 
i intake about 1 week prior to initiation of captopril therapy. Alternatively, provide 
edical supervision for at least 3 hours after the initial dose. Hf hypotension occurs, 
place the patient in a supine position and, if necessary, administer an IV. infusion of 
normal saline. This transient hypotensive response is not a contraindication to further 
doses which can be given without difficulty once the blood pressure has increased after 
volume expansion. 

-. "Agents Causing Renin Release--Captopril's effect will be augmented by antihyperten- 
Sive agents that cause renin release. 

























































etics. Beta-adrenergic blocking drugs add some further antihypertensive effect 
ril, but the overall response is iess than additive. Therefore, use agents affecting 
thet 5 activity (e.g., ganglicnic blocking agents or adrenergic neuron blocking 
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! | increasing Serum Potasskim—Since captopril decreases aldosterone pro- 
elevation of serum potassium may occur. Give potassium-sparing diuretics or 
im supplements only for documented hypokalemia, and then with caution, since 
dead to a significant increase of serum potassium. If the patient has receivec 
lactone at any time up to several months prior to captopril therapy, determine 
potassium frequently since the effect of spironolactone persists. 


atory. Test Interaction: Captopril may cause a false-positive urine test for 







Mt sis, Mutagenesis, and impairment of Fertility: Two-year studies with doses 
eds kg/day in mice and rats failed to show any evidence of carcinogenic 


sie, n renal toxicity, erosion /ulceration of the stomach, and 
at acess in Beda and/or hematocrit values 









see. taninos), 


"Agents Affecting Sympathetic Activity—The sympathetic nervous system may be 
D ly important in supporting 5lood pressure in patients receiving captopril alone or 











and constricions) occurred at al dose levels (7. tc 
tashion. The effect was first observed in the 88th. week. of dosing. 
increased incidence thereafter, even after cessation of dosing. "D 
Pregnancy: Category C—Captopril was embryocidal in rabbits when given. in doses 2 to 70 
times (on a mg/kg basis) the maximum recommended human dose. The marked em- 
bryocidal effect in rabbits was most probably dae to the particularly marked decrease 
in blood pressure caused by the drug in this species. Captopril given to pregnant ra 
400 times the recommended human dose continuously during gestation and lactali 
reduced neonatal survival. No teratogenic effects (malformations) have been seen after 
large doses of captopril ir hamsters, rats, and raboits. 

There are no adequate and weil-controlied studies in pregnant women. Captopril 
should be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus. 


Nursing Mothers: Concentrations of captopril ir human mik are about 1% of those in 
maternal blood. The effect of iow levels of captepril on the nursing infant has not been 
determined. Exercise caution when administering captopril to a nursing woman, and, in 
general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established although 
there is limited experienze with use of captopril in children from 2 months to 15 years 
of age with secondary hypertension and varying degrees of renal insufficiency. Dosage, 
on a weight basis, was comparabie to that used in adults. Captopril should be used in 
children only if other measures for controlling blood pressure have not Seen effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving about 
4000 patients. 

Renal—One to 2 of 100 patients developed proteinuria (see WARNINGS). Renal in- 
sufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients 
but relationship to drug use is uncertain. 

Hematologic —Neutropenia/ agranulocytosis {probably drug related) occurred in about 
0.3% of captopril treated patients (see WARNINGS), Two of these patients developed 
sepsis and died. 

Dermatologic—Rash (usually maculopapulat, rarely urticarial), often with pruritus and 
sometimes with fever and eosinophilia, in about 10 of 100 patients, usually during the 1st 
4 weeks of therapy. The rash is usually mild and disappears within a few days of dosage.. 
reduction, short-term treatment with an antihistaminic agent, and/or discontinuing ther- 
apy, remission may occur even if captopril is continued. Pruritus, without rash, in about 
2 of 100 patients. Between 7 and 10% of patients with skin rash have shown an eosino- 
philia and/or positive ANA ters, A reversible associated pemphigoid-like lesion, and 
photosensitivity have also been reported. Angioedema of the face, mucous membranes 
of the mouth, or of the extremities in about 1 of 100 patients—reversible on discontinu- 
ance of captopril therapy. One case of laryngeal edema reported. Flushing or pallor in | 
2 to 5 of 1000 patients. 

Cardiovascular--Hynotension in about 2 o: 100 patients. See PRECAUTIONS (Drug 
interactions) for discussion cf hypotension on initiation of captopril therapy. Tachycardia, 
chest pain, and palpitations each in about 1 of 100 patients, Angina pectoris, myocardial 
infarction, Raynaud's syndrome, and congestve heart failure each in 2 to 3 of 1000 
patients. 

Dysgeusia—About 7 of 100 patients develcped a diminution or loss of taste percep- 
tion; taste impairment is reversible and usually seitf-limitad even with continued drug use 
(2 to 3 months), Weight loss may be associated with the loss of taste. Gastric irritation, 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue. insomnia, dry mouth, dyspnea, and 
paresthesias reported in about 0.5 to 2% of patients but did not appear at increased 
frequency compared to placebo or other treatmants used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although no 
causa! relationship has been established. A single case of hepatocellular injury with 
secondary cholestasis has been reported in association with captopril use. A transient 
elevation of BUN and serum creatinine may occur, especially in volume-depieted or reno 
vascular hypertensive patients. in instances of rapid reduction of longstanding or severely 
elevated blood pressure, the glomerular filtration rate may decrease transiently, also 
resulting in transient rises in serum creatinine and BUN. Smail increases in serum potas 
sium concentration frequently occur, especially in patients with renal impairment (see 
PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with ar 
LV. infusion of norma: saline is the treatment of choice for restoration of blood pres: 
sure, Captopril may be removed from the general circulation by hemodialysis. ; 


DOSAGE AND ADMINISTRATION: CAPOTEN tcaptopril} should be taken one hour before 
meals. Dosage must be individualized. 

Give consideratior to recent antihypertensive drug therapy, extent of blood pressure 
elevation, sait restriction, and other circumstances before initiating therapy. 1f possible 
discontinue the patient's previous antihypertensive drug regimen for one week before 
starting captopril. Initial dose of CAPOTEN (captopril) is 25 mg t.i.d. If satisfactory blood 
pressure reduction is mot achieved after 1 or 2 weeks, dose may be increased to 50 mg 
t.i.d. H the blood pressure has not been satisfactorily controlled after another 1 to 2 weeks 
add a modest dose of a thiazide-type diuretic (e.g., hydrochiorothiazide, 25 mg daily) 
The diuretic dose may be increased at t- to 2-week intervals until its highest usual anti 
hypertensive dose is reached. If further blood: pressure reduction is required, CAPOTE? 
(captopril) may be increased to 100 mg tic. and then, if necessary, to 150 mg tid 
(while continuing the diuretic}. The usual dose range is 25 to 150 mg tid, A maximu 
daily dose of 450 mg CAPOTEN (captopril) should not be exceeded. 

For patients with accelerated or malignant hypertension, when temporary discontinua 
tion of current antihypertensive therapy is not practical, or when prompt titration to more 
normotensive blood pressure levels is indicated, current antihypertensive medication ma 
be stopped and CAPOTEN (captopril) dosage promptly initiated at 25 mg t.i.d.. under clos 
medical supervision. The daily dose of CAPOTEN (captopril) may be increased every 2: 
hours until a satisfactory blood pressure response is obtained or the maximum captop: 
dose is reached. in this regimen, addition of a more potent diuretic, e.g., furosemide 
may aiso be indicated. Beta-blockers may atso be used in conjunction with captopr 
therapy (see PRECAUTIONS [Drug Interactions]), but the effects of the 2 drugs are les 
than additive. : 

Dosage Adjustment in Renal impairment--Because CAPOTEN (captopril) is excrete 
primarily by the kidnevs, excretion rates are reduced in patients with impaired renal fund 
tion. These patients will take longer to reach steady-state captopril levels and will reac 
higher steady-state captopril levels for a given daily dose than patients with normal rena 
function. Therefore, these patients may: respond to smaller or less frequent doses. Aq 
cordingly, for patients. with sigr nal impairment, initi: dc TE 
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The patient-preferred 

once- or twice-a-day 
dual-control-mechanism 
10-mEq wax-matrix slow-release 
potassium-chloride tablets — 


Klotrix 


(potassium chloride) 


Slow4elease tablets, 10 mEq 


For patients who can't or won't take liquid KCl 


It can change 
your patients mind 
about KCI gj 


supplements! ba, 







Mead pineon 


PHARMACEUTICAL DIVISION 


puru Tg? T Rm ng UY Té M TEE > "M3 = "AS "T. " YA z NECS SGT pv rw)? i wr -~ i AY NEL 3 « x eT 7 WENT . 7 
S SE aaa a aM ia E a arp A EVO NI TURNS a aka a om 
>. 5 n t | | d i f À in a shrew ' Me I7 T ', t V T a y n j l J " > 


4 


 KLOTRIX^ 
- (POTASSIUM CHLORIDE) SLOW-RELEASE TABLETS, 10 mEq 

- DESCRIPTION. KLOTRIX is a film-coated (not enteric-coated) tablet containing 750 mg potassium 
- chloride (equivalent to 10 mEq) in a wax matrix. This formulation is intended to provide a 

- controlled release of potassium from the matrix to minimize the likelihood of producing high 

- localized concentrations of potassium within the gastrointestinal tract. 

- INDICATIONS— BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 

— BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
SHOULD BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE 
LIQUID OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 
ISA PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis; in 

-. digitali intoxication and in patients with hypokalemic familial periodic paralysis. 

-. 2. For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 

- hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function; 

- potassium-losing nephropathy, and certain diarrheal states. 

-. 9. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 
tension is often unnecessary when such patients have a normal dietary pattern. Serum potassium 
should be checked periodically, however, and, if hypokalemia occurs, dietary supplementation 

- with potassium-containing foods may be adequate to control milder cases. In more severe cases 
Supplementation with potassium salts may 5e indicated. 

- CONTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 
the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
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- dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- Com goe i i 
tration of a potassium-sparing diuretic (eg, spironolactone, triamterene). plete support á with the wærritory. | 
ES pun ns Feud - eer Le pen ulceration in certain At Del Mar Avionics, we believe that our biomedica! 
-cardiac patients with esophageal compression due to enlar atrium. 
- MI solid dosage forms of potassium supplements are contraindicated in any patient in whom there Instruments are cn ly ys good xL Dp port. 
s A for oda «ie in tablet passage through the 6.1. tract. In these instances, potassium So we offer a network of 36 service/sales offices 
- supplementation should be with a liquid preparation. i i Ji 
WARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, nemaj TWO clitan areas nationwide and niari 
administration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most Call the office nearest you for additional product 
commonly in patients given potassium intravenously but may also occur when given orally. Poten- information, prices or delivery dates. 
tially fatal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in : : : à 
patients with chronic renal disease, or any other condition which impairs potassium excretion Nationwide Network of Missouri 
| A hy careful monitoring of the serum potassium concentration and appropriate Sales and Service* Offices Blue Springs* (816) 229-6678 
Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the Arizona Bridgeton (314) 739-8151 
-. concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- Phoenix* (602) 275-2451 Nebraska 
lone or esr since the simultanecus administration of these agents can produce California Bellevue (402) 291-5692 
- Severe hyperkalemia. 
- Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative Los Alamitos (714) 821-5140 New York 
~ lesions of the small bowel and deaths. These lesions are caused by a high localized concentration San Diego* (714) 225-0465 East Rochester* (/16) 586-8835 
_ of potassium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and : EI Garden City (516) 683-3333 
- thereby produces obstruction, hemorrhage. or perforation. KLOTRIX is a wax-matrix tablet formu- Hayward (415) 8876969 a / 
lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- Colorado Westbur y (212) 347-7171 
"bility of a high local concentration of potassium ion near the bowel wall. While the reported Aurora (303) 344-5101 North Carolina 
- frequency of smal!-bowel lesions is much less with wax-matrix tablets (less than one per ni Vi ) 3 Charlotte* (704) 373-1206 
100,000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 Florida : 
- patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- Ft. Lauderdale (305) 486-3230 Ome 
- ries and in the United States. In addition, perhaps because the wax-matrix preparations are not k Ile” (9043 642-1694 Cincinnati (513) 8/4-8600 
. enteric-coated and release potassium in the stomach, there have been reports of upper gastroin- Jacksonville? (704) -16 Parma Heights* (216) 886- 4063 
-testinal bleeding associated with these products. The total number of gastrointestinal lesions Tampa* (813) 933-4810 : 
- remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately Georgia Oklahoma 
- and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal Ati 404) 952-0612 Tulsa” (918) 583-8685 
r pain, distention, or gastrointestinal bleeding occurs. Hk: | tlanta (404) 752- Pennsylvania 
_ Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an Illinois 355 
- alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. Schaumburg (312) 397-7575 King of Prussia* (215) 265-8548 
PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in a Ka Pittsburgh* (412) 563-1312 
- patient with a clinical history suggesting some cause for potassium depletion. In interpreting the inr T: 
"serum potassium level, the physician should bear in mind that acute alkalosis per se can produce Wichita* (316) 263-7590 canessee 
hypokalemia in the absence of a deficit in total body potassium, while acute acidosis per se can Louisiana Memphis (901) 761-9171 
increase the serum potassium concentration into the normal range even in the presence of a Metairie (504) 837751 Texas 
- reduced total body potassium. Treatment of potassium depletion particularly in presence of cardiac etairie (504) 837/510 Dallas (214) 980-0832 
disease, renal disease, or acidosis, requires careful attention to acid-base balance and appropri- Maryland alas C 4) 780- 
- te monitoring of serum electrolytes, electrocardiogram and clinical status of patient. Timonium (301) 561-0990 El Paso* (915) 592-5944 
- ADVERSE REACTIONS Most common to oral potassium salts: nausea, vomiting, abdominal M husétis Houston (713) 780-9232 
-. discomfort, and diarrhea. These symptoms are due to irritation of the gastrointestinal tract and are assac use z 
best managed by diluting the preparation further, taking the dose with meals, or reducing the dose. Reading (617) 942-0230 San Antonio* (512) 626-1042 
Fa ye of a "à say em effects s rer (see Contraindications and apse Michigan Utah 
-— There also have been reports of upper and lower gastrointestinal conditions including obstruction, j TW A 
- bleeding, ulceration and perforation (see Contraindications and Warnings); other factors known to Southfield (313) 559-6863 salt Lake City (801) 48/-134^ 
b raram with such conditions were present in many of these patients. Skin rash has been Minnesota baee SIT TOR 
-reported rarely. "Wc ortsmouth* - 3251 
- DOSAGE AND ADMINISTRATION The usual dietary intake of potassium by the average adult is 40 Edina” (612) 241-6030 : mm 
1 | det c : : Washington 
- to 80 mEq per day. Potassium depletion sufficient to cause hypokalemia usually requires the loss of pa 
200 or more mEq of potassium from the total body store. Dosage must be adjusted to the individual Seattle* (206) 364-2940 


- needs of each patient but is typically in th f 20 mEq per day for th tion of hypoka- | 
eria i 40-10 nét pe day o mo for he Westmont of potassium depletion. DEL MAR AVIONICS 


Note: KLOTRIX® slow-release tablets must be swallowed whole and never crushed or chewed. Del Mar Avionics. 1601 Alton Avenue 
ies Erin : tule chloride, the expended wax matrix, which is not absorbed, may Irvine, CA 92714 Telephone (714) 549-1500 
| HOW SUPPLIED Bottles of 100, 1000, and Unit Dose cartons of 100. Telex 68-5621 


Mead iren Inside Californ a (800) 432-8446 


PHARMACEUTICAL DIVISION d Outside California (800) 854-0481 
__ Mead Johnson & Company « Evansville, Indiana 47721 USA — —. MJL 2-4699 | 


*Service Office Only. 
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Critical Pattern Recognition? 
The next wave in Holter data analysis. 


No two patients have exactly the same 
ECG waveforms. 

So to give you the most precise data 
analyzer for processing Holter tapes, we 
offer Critical Pattern Recognition. 

Both the Trendsetter™ and Evaluator™ 
Data Analysis Systems are computer- 
` controlled to recognize normal and variant 
ECG waveforms for each individual 
patient. 

Waveforms are categorized, counted 


and compared to the patient's typical ECG, 


even though these normal patterns may 





DEL MAR AVIONICS 


vary throughout the monitoring period. 

Moreover, analysis is halted automat- 
ically upon occurence of significant ectopic 
patterns, such as paired VEs/SVEs 
R-on-T, V-Tach, SV-Tach, Ventricular 
Bigeminy, Bradycardia beats/runs and 
other critical events. 

Dual 12-in CRT displays provide unsur- 
passed control of real-time data. And a 
wide selection of report formats (alphanu- 
merics, graphics and analog trends) pro- 
vide comprehensive permanent data for 
improved patient management. 


Additionally, the Trendsetter can be 
updated to accommodate blood pressure, 
pacemaker analysis, dual floppy disks 
and other options. Choose only what you 
need now and add more capability later 

For more details on the first Holter data 
analysis systems to offer Critical Pattern 
Recognition, call or write: Del Mar Avionics, 
1601 Alton Avenue, Irvine, California 
22/14, Telephone (714) 549-1500, or call toll 
free at (800) 854-0481, (in California 
900/432-8446), Telex: 68-5621. 


ndsetter and Evaluator are trademarks, Del Mar Avionics 





THE MOST 

COMPREHENSIVE 

. PATIENT INFORMATION 
DOOK ON 

ANGINA TODAY 
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ORDER YOUR COMPLIMENTARY COPIES OF 
LEARNING TO LIVE WITH ANGINA NOW. 


P.J.P., PO. Box #3852, Grand Centra! Station, 
New York, N.Y. 10163 


I 
l 
i 
! 
Please send me |. one copy . five copies 
i 
! 
| 
| 


Learning to Live With Angina—A unique 
75-page patient information book: Clear, compre- 
hensive, designed to improve patient compliance. 
A book compiled by outstanding physicians 
from major medical centers with extensive expe- 
rience in communicating patient information, 
Learning to Live With Angina is a highly read- 
able, comprehensive work that helps your patients 
comply more fully with your treatment regimen. 


(check one) of Learning to Live With Angina. 


Dr. 
Addres 
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Used under your direction, it becomes a valuable City_____________________State_________@ip 
aid in the adjustment of a patient to his illness. Primary Specialty 
. l Secondly SO secet ae iras 

Learning to Live With Angina. Years in practice Private Group____ Residency i 

Valuable information for patient compliance. wicks 

Distributed as a public service by Pfizer. E PENS SEEE ee at eae 
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The difference 
between night... 


— 
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RESTORIL (temazepam) blood levels after consecutive nightly 30-mg doses! 


RESTORIL" (temazepam): Effective at night — 
little residual daytime medication— 
patients awake alert and refreshed 


The half-life of RESTORIL (temazepam) parallels normal sleep 
time. In contrast, the major active metabolite of flurazepam has a 
65-hour mean half-life. With RESTORIL therapy, a major portion 
of active material is cleared by early morning— enabling patients to 
awake alert and refreshed. 


Nosignificant impairment of 

daytime activities 

In double-blind, placebo-controlled studies," no detectable 
impairment in cognitive function or motor coordination occurred in 
patients who had taken a 30- mg dose of RESTORIL (temazepam) 
the night before. In the same studies, poorer performance scores 


were attained by patients who had taken a 30- mg dose of 
flurazepam prior to bedtime. 

Patients receiving benzodiazepines should be cautioned about 
possible combined effects with alcohol and other CNS depressants 
and about operating machinery or driving a vehicle after ingesting 
the drug. 


Sleep time and quality significantly improved 
In 21 double-blind studies" involving 1,221 adult patients (508 of 
whom received RESTORIL capsules), RESTORIL therapy proved 
highly effective from the first night of administration. RESTORII- 
(temazepam is indicated for the relief of insomnia associated with 
the complairts of difficulty in falling asleep, frequent nocturnal 
awakenings and/or early morning awakenings from the first nigh 
REM sleep remained essentially unchanged. Patients reported a 
significant improvement in the general quality of sleep. 
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Works one night at a time... 
from the first night. 


RESTORIL 


(temazepam) 
ypnotic action with insignificant accumulation 


Please turn naoe for nreecrihina information 
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necessary or recommended. Restoril has 
yed for sleep maintenance for up to 35 
nights af drug administration in sleep lab- 





ssibility that the insomnia may be related to a 
3 for which there is more specific treatment. 
considered, 

“ON INDICATIONS: Benzodiazepines may 
- cause fetal damage when administered during preg- 
nancy, An increased risk of congenital malformations 
“associated with the use of diazepam and chlordiaz- 
‘epoxide during the first trimester of pregnancy has 
been suggested in several studies. Also. ingestion of 
erapeutic doses of benzodiazepine hypnotics during 
he last weeks of eee has resulted in neonatal 
CNS depression. Restoril is contraindicated in preg- 
/, nant women. Consider a possibility of pregnancy 
' when instituting therapy or whether patient intends to 














































































become pregnant. 

WARNINGS: Patients receiving Restoril (temaze- 
` pam) should be cautioned about possible combined 
effects with alcohotand other CNS depressants. 
“PRECAUTIONS: In elderly and/or debilitated 
patients. it is recommended that initial dosage be lim- 
ited to 15 mg. The usual precautions are indicated for 
severely depressed patients or those in whom there is 
any evidence of latent depression: it should be recog- 
= niged that suicidaltendencies may be present and pro- 
-. tective measures may be necessary. 

If Restoril is to be combined with other drugs hav- 
ing known hypnatic properties or CNS-depressant 
effects, due consideration should be given to potential 
additive effects. 

Information for Patients; Patients receiving Restoril 

should be cautioned about possible combined effects 

with alcohol and other CNS depressants. Patients 

should be cautioned not to operate machinery or drive 

a motor vehicle. They should be advised of the possi- 

bility of disturbed nocturnal sleep for the first or sec- 
ond night after discontinuing the drug. 

Laboratory Tests The usual precautions should be 
observed in patients with impaired renal or hepatic 
function. Abnormal liver function tests as well as blood 
dyscrasias have been reported with benzodiazepines. 

- Pregnancy: Pregnancy Category X. See Contraindica- 
tions. 

Pediatric Use: Safety. and effectiveness in. children 
below the age of I8 vears have not been established. 
ADVERSE REACTIONS: The most common 
adverse reactions. were drowsiness. dizziness and leth- 
argy. Other side effects include confusion, euphoria 
and relaxed feeling. Less commonly reported were 
weakness, anorexia and diarrhea, Rarely reported 
were tremor. ataxia. lack of concentration, loss of 
equilibrium, falling and palpitations. And rarely 
reported were hallucinations, horizontal nystagmus 

- and paradoxical reactions, including excitement. sum- 
- alation and hyperactivity. —- 
.. Restoril is a controlled substance in Schedule IV. 
^. Caution must be exercised in addiction-prone individ- 
. galsor those who might increase dosage. 
‘DOSAGE AND ADMINISTRATION: Adults: 30 mg 
usual dosage before retiring: 15 mg may suffice in 
some, Elderly and/or debilitated: 15 mg recommended 
initially until individual response is determined. 
SUPPLIED: Restori Maie aei capsules 15 mg 
maroon and pink, imprinted “Resrorn 15 mg"; 
30 mg. maroon and blue. imprinted "RESTORIL 
30 mg". Packages of 100, 500 and ControlPak* pack- 
—. agesof25 capsules (continuous reverse-numbered roll 
- of sealed blisters}. SDZ1-159 
. a prescribing, see package insert for full product 
information. 
References: 
E Schwarz H} Br J Clin Pharmacol 8:23s, 1979: 

Mean of 7 patients through 5 days of therapy pro- 

jected to 14 days. Data on file indicate that steady- 



















































































































































































































































































‘day 2 or3. 
lab studies on patients who received 
sules for up to 27 consecutive 
‘steady-state plasma concentra- 
ed by the second or third night. 
aceuticals.. — 





























state values for plasma concentrations are reached 


Xylocaine brand of lidecaine HCi administered intravenously is specifi- 
cally indicated in the acute management of (1) ventricular arrhythmias 
occurring during cardiac manipulation such as cardiac surgery, and (2) 
life-threatening arrhythmias which are ventricular in origin, such as 
occur during acute myocardial infarction. 

CONTRAINDICATIONS. 

Xylocaine brand of lidocaine HCI is contraindicated in patients with a 
known history of hypersensitivity to locat anesthetics of the amide type. 
Xylocaine brand of lidocaine HCI should not be used in patients with 


. STOKES-ADAMS syndrome, Woltf-Parkinson-White syndrome, or with 


severe degrees of sinoatrial, atrioventricular, of intraventricular biock. - 


WARNINGS 

Constant monitoring with an electrocardiograph is essential to the 
proper administration of Xylocaine brand of lidocaine HCI intravenously. 
Signs of excessive depression of cardiac conductivity, such as prolon- 
gation of PR interval and QRS complex and the appearance OT 
aggravation of arrhythmias, should be followed by prompt cessation of 


. the intravenous infusion of this agent. It is mandatory tn have emergency 


resuscitative equ.pment and drugs immediately available to manage 
possible adverse reactions invelving cardiovascular, respiratory, or 
central nervous systems. 


Occasional acceleration of ventricular rate may occur when Xylocaine 
brand of lidocaine HCI is administered te patients with atrial fibrillation. 
Evidence for proper usage in children is fimited. 

Usage in Pregnancy: It is not known whether Xylocaine brand of lidocaine 
HCI may have adverse effects upon fetal development. The benefits of the 
drug to the mother should be weighed against the possible risk to the 
fetus. 


PRECAUTIONS 

Caution should be employed in the repeated use of Xylocaine brand of 
lidocaine HCI in patients with severe liver or kidney disease because 
accumulation mey occur and lead to toxic phenomena, since Xylocaine 
brand of lidocaine HC! is metabolized mainly in the liver and excreted by 
the kidneys. The drug should also be used with caution in patients with 
hypovolemia anc shock, and in all forms of heart block (see CONTRAIN- 
DICATIONS and WARNINGS). 


in patients with sinus bradycardia or incomplete heart block, the 
administration of Xylocaine brand of lidecaine HCI intravenously or the 
elimination of ventricular ectopic beats without prior acceleration in 
heart rate (eg. by isoproterenol or by electric pacing) may promote 
more frequent and serious ventricular arrhythmias or complete heart 
block isee CONTRAINDICATIONS). 


ADVERSE REACTIONS 

Systemic reactions of the following types have been reported: 

4) Central Nervous System: 
Light-headedyess; drowsiness, dizziness, apprehension, euphoria: 
tinnitus: blurred vision or double vision, vomiting, sensations of heat, 
cold or numbness: twitching: tremors: convulsions, unconsciousness, 
respiratory dapression and arrest. 

23 Cardiovascular System: l 
Hypotension, cardiovascular collapse. and bradycardia which may 
lead to cardiac arrest. 


3) Allergic reactions may occur but are infrequent. There have been no 
reports of cross-sensitivity between Xylocaine brand of lidocaine HCI 
and procainamide or between Xylocaine brand of lidocaine HCI and 
quinidine. 

MANAGEMENT OF ADVERSE REACTIONS 

1} in the case of severe reaction, discontinue the use ot Xytocaine brand 
of lidocaine HCI. 

2} Institute emergency resuscitative procedures and administer the 
emergency drugs necessary to manage the severe reaction, For 
severe convulsions, small increments of diazepam or an ultrashort 
acting barbiturate (thiopental or thiamylaly er if those are not 
available, a short-acting barbiturate (pentobarbital or secobarbital). 
or it the patient is under anesthesia, a short-acting muscle relaxant 
(succinyicholine) may be given intravenously Muscle relaxants and 
intravenous medications should only be used by those familiar with 
their use. Patency of the airway and adequacy of ventilation must be 
assured. l 

3) Should circdatory depression occor, vasopressors, Such as ephe- 
drine, or metaraminol may be used. 

HOW SUPPLIED 

For direct injection Xylocaine brand o! lidocaine HCI without preserva- 

tives is supplied in 5 ml, 100 mg ampules and in 5 ml, 100 mg prefilled 

syringes. i 

For preparing intravenous infusion solutions, Xylocaine brand of lido- 

caine HCI without sodium chloride or preservativesis supplied in one and 

two gram additive syringes and in one and two gram single use vials. 

Each vial is packed with a pre-sterilized transfer unit manufactured by 

the West Company. 

















Advances in Cardiac Antiarrhythmic Techniques 


INFARCT | 


Multiple bolus injections 

of Xylocainé (lidocaine HCI) 
Solution in the first 16 
minutes of administration 
may control refractory 
ventricular extrasystoles. 


(12) (8) 
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4 6 = 19. 12-4 1 
Time following the start of first injection (min) 


Plasma concentration-time data (mean + standard error of the mean 
[SEM ) observed after administration of a total of 225 mg of lidocaine in 
divided bolus doses every 5 minutes over a 16-minute period. Cp = 
plasma concentration; n - number of plasma determinations at 50 and 
80 minutes; figures in parentheses = number of plasma determinations 
at the times indicated.' 


n patients with acute myocardial infarction, 
serious ventricular extrasystoles sometimes 
continue to occur even after an initial bolus dose 
of 75 mg lidocaine and concomitant 2 mg/min 
idocaine infusion. Multiple bolus injections of 
50 mg lidocaine — every 5 minutes if necessary 
oa total of 225 mg lidocaine — have been 
shown to be a safe way to provide effective, non- 
oxic blood levels of lidocaine in these patients.! 

n 23 patients given divided doses of 75, 50, 

50, and 50 mg lidocaine by bolus injection at 

}-minute intervals over a 16-minute period, no 
plasma concentration greater than 4.8 ug/ml 
was observed. Plasma concentrations stayed 
vell within the accepted therapeutic range dur- 
ng virtually all of this period.! 


When your protocol calls for 
multiple bolus injections 


of lidocaine, choose the 


Xylocaine IV Bolus 100 mg 


The locked needle guard ensures sterility, and 
indicates the needle has not been exposed. The 
calibrated barrel has clear markings for 100 mg 
and 50 mg doses, simplifying administration. 
And the finger grips make it easy to administer 
slowly a controlled I.V. bolus injection. Remem- 
ber that NO MORE THAN 200 TO 300 MG 
OF LIDOCAINE HCl SHOULD BE 
ADMINISTERED DURING A ONE-HOUR 
PERIOD. 


Xylocaine 
(lidocaine HCI) Solution 


‘The most complete system for 
ventricular arrhythmias 
Astra Pharmaceutical Products, Inc. 


A N T PA Worcester, Massachusetts 01606 


Please see next page for a summary of prescribing information. 


REFERENCE: 1. Wyman, MG, et al: Multiple bolus technique for lidocaine 
AED E during the first hours of an acute myocardial infarction. Am7 Cardiol 
41: 313-317, 1978. 
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Reliability Report, contact your repre- 
sentative or write us. We'll rush it to you. 


| Mistory oí HE 


Now there's documented evidence of Pacesetter's outstanding record of pacemaker 
reliability. A new report, just published, which details the performance of some 
20,000 implants based on actual clinical experience, is available now, for the asking. | 


| Pacesetter's innovative Programalith" series of demand pulse generators achieved 
. an impressive reliability score of 99.58% over three years— pointing out that 
_ Pacesetter reliability is significantly higher than industry standards. 


. It also points out something else: you can 
. have complete confidence when you 
.. prescribe Programalith. 


SEAS EOE 


pacemaker, we do it 
.. by the book. Pacesetier Syst m 


Bib See S 12384 Bradley Avenue, Sylmar, CA 91342 USA * (213) 362-6822 + Telex: 698415(Paceseter Sym 
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odel « of Chronic Ischemic Arrhythmias: The Relation Bet 
rical ly Inducible Ventricular Tachycardia, Ventricular 
ib illation Threshold and Myocardial Infarct Size 























To study the relation between inducible ventricular tachyca 
ventricular vulnerability, myocardial infarction was created in 22 
chest mongrel dogs by inflating a balloon catheter in the left. anteri 
descending coronary artery for 2 hours. The presence of inducible ve 
tricular tachycardia was determined by programmed electrical stimulatior 
of the right ventricle in each dog before and 4 days after infarction, using 
a transvenous electrode catheter and a ‘‘clinical” stimulation protocol. 
in each dog the repetitive ventricular response threshold and the vei 
tricular fibrillation threshold were measured before and 4 days alter | 
farction. 

Ventricular tachycardia was not inducible in any dog before infarctio 
After infarction, sustained ventricular tachycardia was inducible in 10 (45 
percent) of 22 dogs and nonsustained tachycardia in an additional 4d 
(18 percent). Ventricular fibrillation threshold was greatly reduced 4. 
after infarction in dogs with inducible sustained tachycardia. (mea 
standard deviation 29 + 11 to 10 + 5 mA, p <0.001): the mean thre: sholc 
did not change significantly in dogs without inducible sustained te 
cardia. Both the ventricular fibrillation threshold and mean. ventricula j 
repetitive response threshold were reduced in the dogs with sustained 
ventricular tachycardia; neither was significantly altered in the do ( 
without sustained tachycardia. The magnitude of change in the two 
thresholds frequently differed; hence, a correlation was weak between 
the control and postinfarction repetitive response/fibrillation threshold 
ratio (r = 0.41). Postmortem measurement of infarct size demonstra 
an association between this measurement and the presence of inducible 
ventricular tachycardia. Sustained ventricular PONO was not ^ 
ducible in the presence of a small infarct. 3 

It is concluded that: (1)-Inducible ventricular tachycardia on the Ath 
day after myocardial infarction is associated with a considerable c 
in the ventricular fibrillation threshold; (2) changes in the repetit 
sponse and fibrillation thresholds. after myocardial infarction ma: 
parallel, complicating the use of the repetitive ventric la 
threshold as a substitute for the ventricular fibrillation thresh 
postinfarction state; (3) a large infarct predis | 
inducible sustained ventricular tachycardia. 




















Sudden cardiac death in human beings is usually the saute di V 
tachyarrhythmia.! Recently, an electrophysiologic approach 
proposed to detect patients who are prone to have. spontaneo 
tricular tachycardia or ventricular fibrillation and to assi 
ment with drugs or surgery.?-5 Clinically, ventricular tac 
E constant POE ponar re e a has 
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as bet asured in odels using the 
entricular fibrillation threshold; that is, the 
igth of a single current pulse that causes 

brillation. There have been no studies to 


i| animals, Matta et al.” recommended that the 
ilar repetitive response threshold be substituted 
2 ventricular fibrillation threshold. The ventric- 
ilar repetitive response threshold—the minimal current 

rength required to produce at least two ventricular 
ponses to a single premature ventricular stimu- 
was shown by these authors to be about two thirds 
the value for the ventricular fibrillation threshold. 
Also, the ratio of repetitive ventricular response to 
ventricular fibrillation threshold remained constant 
during various experimental interventions, for example, 
stimulation of the cardiac sympathetic nerves. These 
findings encouraged the use of the ventricular repetitive 
response threshold rather than the ventricular fibril- 
lation threshold itself, particularly for the study of 
awake dogs. To date, no studies have compared the 
ventricular repetitive response threshold to the ven- 
ricular fibrillation threshold during subacute or chronic 
myocardial ischemia or infarction. 
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threshold after rayocardial infarction, (2) to study th 
changes in the ratio of the ventricular repetitive re- 
sponse threshold to ventricular fibrillation threshold : 
that occur several days after myocardial infarction, and 
(3) to relate size of infarction to the response elicited 
with programmed ventricular stimulation. For these 
studies, we used a closed chest occlusion/reperfusion 
technique to produce myocardial infarction in the dog. 
We used traditional laboratory stimulation methods to 
measure ventricular repetitive response threshold and 
ventricular fibrillation threshold and a stimulation 
protocol of the type used in clinical electrophysiology 
laboratories to induce ventricular tachycardia. 


Methods 


Study animals and experimental myocardial infarc- 
tion: Twenty-two mongrel dogs (19 male, 3 female) ranging 
in weight from 13 to 29 kg were anesthetized with alpha- 
chloralose (100 mg/kg). All animals were intubated with a 
cuffed endotracheal tube and ventilated with room air using 
a volume-cycled respirator. Arterial blood gases and esopha- 
geal temperature were monitored and maintained at physio- 
logic levels. 

The dogs were placed on their right side and the left ex- 
ternal jugular vein and carotid artery were isolated with use 
of a cutdown procedure. A 6 French quadripolar (USCI) 
transvenous catheter was inserted and positioned in the right 
ventricular apex under fluoroscopic control. The proximal two 
electrodes (5 and 6 cm from the tip) were used to record a 
ventricular electrogram while the distal two electrodes (lo- 
cated at the tip of the catheter, 1.0 cm interelectrode distance) 
were used for bipolar stimulation; the distal electrode was 
made the cathode. Standard limb leads were used to record 
the electrocardiogram. Data were displayed on an Electronics 
for Medicine VR12 recorder and stored on FM magnetic tape 
(Honeywell, model 101). 

The stimulation protocols (see later) were carried out in 
all dogs before creation of the infaretion. Coronary occlusion 
was then performed using a modification of a closed chest 
balloon technique.? We modified an 8 French Judkins angi- 
ographic catheter by reducing its length to 43 cm and en- 
larging its distal opening to permit passage of a 2 French Fo- 
garty embolectomy catheter. The Judkins catheter was in- 
serted under fluoroscopic control by way of the left carotid 
artery into the orifice of the left coronary artery. The position = 
of the catheter was confirmed by hand injection of contrast 
material (isothalamate meglumine). A 2 French Fogarty em- 
bolectomy catheter was then passed through the Judkins . 
catheter and positioned in the left anterior descending coro- — 
nary artery (Fig. 1), 3 to 4 cm from the orifice of the angio- 
graphic catheter. The position of the Fogarty catheter was 
confirmed with several fluoroscopic views. Occlusion of the . 
coronary artery was achieved by inflation of the balloon at the .. 
tip of the Fogarty catheter, using diluted contrast material M 
(isothalamate meglumine). Inflation was maintained with a - 
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a ‘by balloon occlusion of the left anterior descending coronary artery. 
.. Time elapsed (in minutes) from the onset of occlusion is indicated. 


"curent cardioversion was effective in terminating both epi- 
| sodes. The catheters were subsequently removed, the cutdown 
: site sutured and the dogs returned to the kennel. 

^. On the 4th day after occlusion/reperfusion, the dogs were 
A brought back to the laboratory and anesthetized in the same 
-. manner and electrophysiologic testing was repeated (see later). 
_. In addition, an atrial electrogram was recorded in dogs with 
-inducible ventricular tachycardia on the 4th day after in- 
s farction. 

_ Protocol for induction of ventricular tachycardia: 
Under a protocol similar to that being used by several clinical 

..  electrophysiology laboratories, including ours, programmed 
¿electric stimulation was performed using a direct current 
_ digital stimulator (Bloom Associates, Ltd.). Stimulation of 
the right ventricular apex was performed before and 4 days 
_ after the experimental infarction. Both the basic pacing and 
the test stimuli were rectangular pulses 2 ms in duration and 
ta current setting of twice diastolic threshold. The basic 
lacing was always at a cycle length of 350 ms. Diastole was 
canned using a single premature stimulus (S2) during every 
ighth pacing cycle. The S-S; coupling interval was decreased 
y 10 ms until the effective refractory period of the ventricle 
was reached. The stimulation protocol also included the 
scanning of diastole with dual premature stimuli (8,-85-S4) 
as well as "burst" ventricular pacing (trains of 8 stimuli at 
decreasing cycle lengths until 1: 1 ventricular capture was no 
Jonger obtained). 
- Nonsustained ventricular EE E T ET was defined 
s the reproducible induction of three or more consecutive 
entricular complexes that terminated spontaneously. Sus- 
ained ventricular tachyarrhythmia was defined as a repro- 
ducibly induced tachyarrhythmia of ventricular origin that 
required programmed ventricular stimulation or direct cur- 
ent countershock for its termination. 
Tleasurement. of ventricular repetitive response 
shold and ventricular fibrillation threshold: We de- 
he ventricular. repetitive response threshold as the 
T ue of current of S2 iia produce 1 or 































... FIGURE 2. Electrocardiographic (lead I) evidence of ischemia caused 






























FIGURE 3. Induction of repetitive responses (RVR) and ventricular fi 
brillation (VF). A single S; extrastimulus follows a train of 8 paced beats 
A, at a current intensity of 16 mA (single) ventricular repetitive response 
is produced. B, an Sz of 24 mA current intensity produces vonna 
fibrillation. 


fibrillation threshold was defined as the lowest. current 
strength of So required to produce ventricular fibrillation.6° 
The repetitive response/fibrillation threshold ratio was de- 
termined for each dog before and 4 days after infarction. 
Stimulation was performed using the same electrode catheter 
used for the “clinical” protocol outlined earlier. A modificatio r 
of our stimulator (Bloom Associates, Ltd.) enabled. us to d 
liver an S; of up to 100 mA to the right ventricular endocardi 
surface. Scanning of electrical diastole was performed us 
an S» test pulse of 5 ms duration delivered in the eighth pa 
cycle with pacing performed at a cycle length. of 3 
Diastole was scanned in 3 ms decrements, starting 15 m 
the inscription of the T wave and ending at the effe. 
fractory period of the right ventricle. During contro 
farction) testing the initial current setting of the test p 
5 to 6 mA; the intensity of S? was increased in 1 mA iix 
and scanning of diastole repeated until each of the thre 
was reached. After infarction, the initial amplitude o 
set at 1 mA. Defibrillation was promptly performed 
direct current cardioverter (American Optical Co.) 
Postmortem studies: After each experiment the. 
killed, the heart removed and infarct size measured.:9 
ventricle was sliced in 3 mm thick transverse sectior 
sections were incubated in a freshly prepared solut 
phenyl tetrazolium chloride for 15 to 20 minutes at í 
border of the infarct was then directly traced on a tr: 
sheet and the cross-sectional area of infarct in e 
measured with a computer-assisted planimet 
the areas 8 of of infarcted le and. areas of normal 







































































: RE 4.1 Induction and termination of ventricular tachycardia. A, two 
premature extrastimuli (S2 and S4) following a train of eight paced beats 
S4) induce ventricular tachycardia at a cycle length of 300 mis. B, the 
tachycardia i is terminated with an S» extrastimulus. Leads displayed are 
and aVF and right ventricular apex (RVA). S = stimulus NACH: 


amples to compare the ventricular fibrillation thresholds 
obtained before and after infarction in two groups of dogs: 
those with and those without inducible ventricular tachy- 
ardia.!! The coefficient of correlation was calculated between 
he ventricular repetitive response/ventricular fibrillation 
hreshold ratio obtained before and 4 days after infarction.! 
When comparing infarct size with response to programmed 
stimulation, one-way analysis of variance as well as a t test for 
| sontrast between group means was performed in order to test 
or differences between three types of responses: no inducible 
ventricular tachycardia, inducible nonsustained ventricular 
tachycardia and inducible sustained ventricular tachy- 
ae | 


tachycardia. süstained ^ or ‘nonsust ne hen 

“clinical” stimulation protocol was Derlormed. befor 
experimental myocardial infarction. The current 
threshold for repetitive ventricular response and ven- _ 
tricular fibrillation was measured in each dog before . 
coronary occlusion, using the variable amplitude Sg 
technique. The mean control repetitive response — 





threshold was 17 + 5 mA and the mean control ven- _ 


tricular fibrillation threshold was 27 + 10 mA. The - 
threshold current for repetitive responses was less than _ 
the ventricular fibrillation threshold in 19 (86 percent). 
of 22 animals. In 3 dogs (14 percent) ventricular fibril- 
lation was not preceded by repetitive responses. — 


Stimulation Studies 4 Days After Infarction 


Induction of ventricular tachycardia using the | 
*clinical" protocol: On the 4th postinfarction day we 
were able to induce sustained ventricular tachyar- 
rhythmia reproducibly in 10 (45 percent) of 22 dogs (Fig. © 
4 and 5). The stimulation mode most frequently suc- 
cessful in inducing the ventricular tachycardia Was 
81-85-85 (9 of 10 dogs). “Burst” ventricular pacing in- 
duced ventricular tachyarrhythmia in 4 of 10 dogsand . 
was the only suecessful mode in 1 dog. The rate of the — 
ventricular tachycardia was relatively slow (200 to 220 
beats/min) in 3 of the 10 dogs. In these 3 dogs, ventric- 
ular tachycardia was terminated readily with pro- 
grammed stimulation. The rate of tachycardia was . 
greater than 250 beats/min in the other 7 dogs; direct . 
current countershock was required to terminate the — 
tachycardia in each of these 7 dogs. Figure 4 showsan 
example of the initiation and termination of ventricular | 
tachycardia and Figure 5 an example of the initiation 
of a rapid ventricular tachycardia. The induced ven- 






CONTROL — DAY4 CONTROL DAY 4 


“FIGURE 6. Ventricular fibrillation threshold (VFT) before and after 
myocardial infarction in the 2 groups of dogs. In the first group (n = 10) 
“sustained ventricular tachycardia (VT) was inducible; substantial 


s . changes in the ventricular fibrillation threshold can be seen between 
s. the control (pre-infarction) and the post-infarction (day 4) values. In the 
! . second group (n = 12, no sustained ventricular tachycardia), no ap- 


_preciable changes in the ventricular fibrillation threshold were mea- 
_Sured. Results expressed in mA. 


d left vehiricia: 


cent) had only self-tern na mg, 
ular tachycardia during stimulation 
nonsustained ventricular tachycard 
than 10 QRS complexes. In eight dog 
ventricular tachycardia could not be 
programmed electrical stimulation. ` 

Ventricular fibrillation thresho 
infarction. dog: The average ventrict 
threshold for all 22 dogs on the 4th day a 
was 18 + 10 mA, a 33 percent decrease. W 
to the preinfarction ventricular fibrillat 
(27 + 10 mA), the difference was highl 
<0.001). The decrease in the — 
threshold in these postinfarction dogs is 
fined to the group of 10 dogs with inducibl 
ventricular tachycardia (Fig. 6). That is, in 
with ventricular tachycardia a highly significai 1 
crease in ventricular fibrillation threshold occu 
between the control day and the 4th day (29 + 11 to | 
+ 5 mA, a 62 + 20 percent decrease, p <0.001), while 
average ventricular fibrillation threshold did not chan 
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control bine (three dogs) or after oC- 
teh edt ee that i is, in five dogs the 


Hore 2d 4 og oles alter ipfarcton. In the 
ith sustained ventricular tachycardia both the 
icular repetitive response threshold and the ven- 
lar fibrillation threshold decreased significantly 
nfarction; in the group without sustained ven- 
| ricular tachycardia neither threshold was significantly 
:hanged from the contro! value. 
- Table I lists the ratio of repetitive response thresh- 
old to fibrillation threshold measured before and 4 days 
after infarction. Correlation between the control and 
postinfarction ratio of the repetitive response threshold 
to the fibrillation threshold was weak (n = 17, r = 0.41). 
The discordance between the pre- and postinfarction 
threshold ratios (Fig. 7) was most pronounced in four 
dogs with sustained and three dogs with nonsustained 
ventricular tachycardia. Therefore, while changes in the 
. ventricular repetitive response threshold gave a valid 
- indication of the direction of change in the ventricular 
fibrillation threshold. after infarction the repetitive 
response threshold frequently manifested more pro- 
nounced changes than the ventricular fibrillation 
threshold, particularly in dogs with inducible sustained 
and nonsustained ventricular tachycardia. 
. Myocardial infarct size: Infarct size was measured 
in each of the 22 dogs (Table I). Tetrazolium staining 
led the presence of myocardial infarction in all but 
‘he relation between the size of the myocardial 
on (percent of left ventricle infarcted) and the 
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tachyeatdiar it i was interm diste (18 x 10p percei t) 
4 dogs with nonsustaine 


greatest (31 + 11 percent) i in the 10 with inducible sus. 


tained ventricular tachycardia. The difference between 


the group without inducible tachycardia and the group 


with inducible sustained tachycardia was highly sig- — 


nificant (p «0.001). 
Discussion 


A closed chest model for reperfusion infarction 
and inducible ventricular tachycardia: In this study 
we used an animal model that simulates the clinical 
findings of inducible ventricular tachycardia in the . 
patient with previous myocardial infarction. Utilizing ... 


this model we sought to answer two questions: (1) Isthe .- 
ventricular fibrillation threshold lower in animals that- 


have inducible ventricular tachycardia than in animals | 
that do not? (2) Is repetitive response threshold a useful 
index of ventricular fibrillation threshold after myo- 
cardial infarction? 

To avoid complications of thoracotomy, myocardial 
infarction was produced by closed chest balloon occlu- 
sion and reperfusion of the left anterior descending 
coronary artery. To simulate clinical electrophysiologic 
testing, the programmed stimulation protocol was — 
performed in the intact, closed chest dog using an 
electrode catheter introduced via a peripheral vein. 
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yocardial infarction. Several dog models for inducible 
entricular tachyarrhythmias after infarction have 
eviously been described.!?-16 Important differences 
xist between our model and those heretofore used. 
‘st, both stimulation and infarction were performed 
vithout any major surgical intervention, avoiding any 
'roblems that may arise as a result of the open chest 
ipproach.! Second, ours is the first animal model for 
inducible ventricular tachycardia in which electrical 
stimulation data are available both in the control state 
-= and several days after infarction. We were therefore able 
~ to observe the changes in cardiac electrical properties 
that occurred as a consequence of the occlusion/reper- 
fusion procedure, whereas previous studies obtained 
-— data only after infarction. Third, the use of transvenous 
_ electrode catheter stimulation techniques identical to 
those used in our clinical electrophysiology laboratory 
for provoking ventricular tachycardia makes this model 
suitable for future multiday pharmacologic studies. 
| Relation between inducible ventricular tachy- 
_ eardia and the ventricular fibrillation threshold: 
-In the 10 dogs that had sustained ventricular tachy- 
-cardia induced by programmed electrical stimulation, 
_ the fibrillation threshold was greatly reduced from the 
- preinfarction level. In the 12 dogs that did not have 
ventricular tachyCardia induced, there was no signifi- 
= cant mean change in the ventricular fibrillation 
threshold. The time course of changes in the ventricular 
fibrillation threshold that occur immediately after acute 
coronary arterial ligation has been extensively stud- 
ied.15-?! Similarly, changes in the ventricular fibrillation 
threshold of the chronically ischemic heart also have 
been explored.???? However, no previous studies have 
related the ventricular fibrillation threshold to inducible 
ventricular tachycardia in the subacute and chronic 
postinfarction state. In fact, the physiologic relevance 
—- Of the ventricular fibrillation threshold has recently 
.. been questioned.”4 Our finding of a striking reduction 
. in fibrillation threshold in postinfarction dogs with in- 
'. ducible sustained ventricular tachycardia provides the 
first link between traditional measures of ventricular 
vulnerability to fibrillation and the inducibility of 
.. ventricular tachycardia during programmed electrical 
^ stimulation. 
_. Despite their obvious morphologic differences in the 
"Surface electrocardiogram, ventricular fibrillation and 
-tachycardia share certain similarities. First, epicardial 
— maps obtained during reperfusion-induced ventricular 
- fibrillation in the dog have demonstrated the presence 
. of organized epicardial activation sequences occurring 
-.. during the early phases of ventricular fibrillation, while 
¿a simultaneous body surface electrocardiogram may 
show a chaotic electrical pattern.25 Hence, the electro- 
irdiographic distinction between rapid ventricular 
hyarrhythmia and ventricular fibrillation is not al- 
































_ sufficient dispersion in reco 


precise. Second, both ventricular tachycardia and _ 






place among adjacent regions of t 
and can be induced even in the norm 
properly timed electrical stimulus of si 
and duration.? A premature impulse enc 
in which some fibers are excitable an ] | 
may produce multiple reentrant circuits ax 
initiate ventricular fibrillation. The term ‘ 
reentry’ has therefore been applied to descri 
tricular fibrillation.?? Electrically induced \ 
tachyarrhythmia in the postinfarction expe 
animal!?9? as well as in the clinical setting o 
ischemic heart disease in patients* also is | 
due to reentry. If both ventricular tachycardi 
brillation are reentrant arrhythmias and depende 
heterogeneity of excitability for their initiation, 
the need for a stimulus of significantly lesser intens 
to provoke ventricular fibrillation in our dogs with 
ducible ventricular tachycardia suggests that a substre 
of increased heterogeneity of excitability must exist 
the ventricles of these dogs. Such heterogeneity wa 
shown in another long-term dog model of scar-related 
ventricular tachyarrhythmia.!5 E 
The close association between reduced ventricula. 
fibrillation threshold and inducible ventricula 
tachycardia in our dog model permits us to entertain 
the following hypotheses. First, even allowing fo 
known differences between the experimental dog mode 
and the postinfarction patient, it may be that thi 
presence of inducible ventricular tachycardia in the 
patient recuperating from an acute myocardial infare 
tion may reflect a profoundly reduced fibrillation 
threshold and a greater susceptibility to spontaneous 
occurring lethal ventricular tachyarrhythmias. Second 
the extent to which an antiarrhythmic drug is capabl 
of raising the ventricular fibrillation threshold may also 
be closely linked to its efficacy in abolishing inducible 
ventricular tachycardia in the subacute postinfarction 
state. SEALS 
Repetitive response threshold/ventricular fi. 
brillation threshold ratio: On the assumption that 
ratio of the ventricular repetitive response threshol 
ventricular fibrillation threshold remains const: 
investigators have measured the ventricular repeti 
response threshold during various experimental 
ditions such as acute ischemia;?!-3? manipulat 
autonomic tone,^3*55 pharmacologic interventio 
psychologic stress.” The validity of this assumpt: 
recently been questioned.?? Our dog model allo: 
to study the relation between the ventricular rep 
response threshold and the ventricular fibri 
threshold before and after myocardial infarction 
control state our values for the repetitive res 
fibrillation threshold ratio (72 + 20 percent) w 
ilar to those obtained by Matta et al.,” who er 
a single extrastimulus delivered to the endocar 
found a value of 66 + 26 percent, and to thos 
et al.,?7 who measured the fibrillation 
livering a pu 







































































































































j ardia) alko. ed a lane r re- 
epetitive response threshold, while the 
wered fibrillation threshold had no 
e in the repetitive response threshold. 
:xxtend the observations of Matta et al. to 
tion state and indicate that in a large 
nfarction c dogs, mean changes in the re- 
ponse threshold are likely to be indicative 
changes in the ventricular fibrillation 





aris of caution are in n order regarding the use 
'cular. repetitive response threshold as a 
index of the fibrillation threshold. First, values 
Ye ventricular repetitive response/ventricular fi- 
ion threshold ratio after infarction vary widely, 
s cordance between the pre- and postinfarction 
ios is common, particularly in dogs with inducible 
sntricular tachycardia (sustained or nonsustained). 
he most frequent cause for this discordance in 
threshold ratios is a marked reduction in the ventricular 
'epetitive response threshold without a corresponding 
change of similar magnitude in the ventricular fibril- 
ation threshold after occlusion/reperfusion infarction. 
Another potential drawback to using the repetitive re- 
sponse as an index of the ventricular fibrillation 
threshold is the lack of repetitive responses before at- 
tainment of ventricular fibrillation in some dogs. The 
14 percent of our control dogs without a repetitive re- 
sponse is also in agreement with the findings of oth- 
ers./?' Testing on the 4th day produced two additional 
dogs that failed to show a ventricular repetitive response 
before ventricular fibrillation. Larger sample sizes are 
required when the experimental design requires the use 
of the repetitive response threshold rather than the 
entricular fibrillation threshold, in awake dogs, for 
aple. 
Relation between infarct size and ventricular 
ycardia: We found a strong association between 
ial infarct size and the inducibility of ventric- 
cardia. These findings are in agreement with 
sults reported in several previous animal stud- 
However, other postinfarction canine models 
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HJJ, Lie KI, Durrer D. Further observations on ventricular 


son ME, Horowitz LN, Farshidi A, Kastor JA. Recurrent 


jes, !3 15 Neca st datio was ideis in the oper : 
chest animal utilizing multiple pacing sites, whereas our 
closed chest stimulation protocol was performed from 
one endocardial site in the right ventricular apex. 

Our finding of a large infarct in dogs with inducible 
sustained ventricular tachycardia is also in agreement _ 
with clinical studies that demonstrated an association | 
between ventricular arrhythmias in the postinfarction 
patient and the extent of myocardial injury.?99? It is 
probable that interventions designed to limit infarct size 
would also prevent postinfarction ventricular instabil- 
ity, both in animal models and in patients. 

Implications: Several conclusions may be drawn 
from our studies. First, the ability to induce sustained 
ventricular tachycardia with programmed electrical 
stimulation after infarction is associated with a mark- 
edly reduced fibrillation threshold. Further studies are 
required to determine whether this finding is applicable 
to the human patient during the in-hospital phase of 
recovery from an acute myocardial infarction. Also, 
further studies are required to determine whether fi- 
brillation threshold changes and inducible ventricular 
tachycardia remain linked during drug treatment. 
Second, we conclude that after infarction the repetitive 
response threshold tends to change in the same direc- 
tion as the ventricular fibrillation threshold. However, 
because nonparallel changes in these thresholds are 
common after infarction, the use of the ventricular re- 
petitive response threshold as an indicator of the ven- 
tricular fibrillation threshold in models of chronic 
ischemia will require increased sample sizes and, 
therefore, will increase the cost. Finally, we conclude 
that electrical instability of the ventricle is much more 
likely to occur after a large myocardial infarct, whereas 
a small infarct is unlikely to permit the induction of 
sustained ventricular tachycardia. 
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Use of propranolol in acute myocardial infarction is limited by its cardi- 
odepressant effects. The effects of nitroglycerin (0.4 mg. intravenously) | 
on regional myocardial dysfunction produced by total or partial (50 per- 
cent) coronary occlusion and intravenous administration of propranolol . 
(1.0 mg/kg) were evaluated using pairs of ultrasonic crystals implanted . 
subendocardially in the nonischemic and ischemic zones in 14 open chest 
dogs. During partial coronary occlusion, systolic shortening (96 AL) in 
the ischemic zone decreased fram 20.9 + 5.3 to 7.2 + 6.4 (p <0.001). 
Propranolol did not change it sigrificantly. Nitroglycerin increased % AL 
from 6.7 + 4.5 to 11.2 + 5.3 (p « 0.01). The nonischemic zone was un- 
affected by partial coronary occiusion but showed a decrease in % AL 
from 18.6 + 6.2 to 15.6 + 5.1 (p <0.01) with propranolol. Nitroglycerin 
increased % AL from 15.6 + 5.1 to 17.3 + 5.9 (p <0.02). During total 
coronary occlusion, nitroglycerin administration after propranolol improved 
% AL in the nonischemic but not in the ischemic zone. Nitroglycerin 
caused a significant decrease in left ventricular systolic and end-diastolic 
pressures. Heart rate remained unchanged. It is concluded that nitro- 
glycerin reversed myocardial depressant effects of propranolol in both 
the partially ischemic and the nonischemic zones after acute coronary. 
occlusion. ae 


Propranolol and nitroglycerin are widely used for the management of — 
angina pectoris in patients with coronary heart disease.!-? The under- — 
lying mechanisms of action are thought to result from overall reduction 
in myocardial oxygen requirements.^? However, the use of propranolol 


is at times limited by its depressant effects on global and regional left 


ventricular myocardial function.9-? In contrast, nitroglycerin is known | 
to improve the ejection indexes of left ventricular performance as well 
as the regional left ventricular contraction abnormalities.!9-1? Because 


studies on hemodynamics and myocardial oxygen consumption!?-1^ have 


shown that propranolol and nitroglycerin in combination have important .. 
advantages over either drug alone, it has been postulated that. nitro- . 
glycerin may reverse the myocardial depressant effects of propranolol. — 
However, the local effects of this drug combination on segmental myo- ` 
cardial contraction are unknown. This experimental study was under- 





taken to determine whether the cardiodepressant effects of propranolol 


can be reversed by Witro conn during partial or total coronary occlusion 
in dogs. 


“Methods: 


Experimental preparation: Fourteen mongrel dogs, weighing 20 to 30 kg, were P. * 


anesthetized with a 30. mg/kg. intravenous injection of sodium pentobarbital. E 


TABLE | 


NITROGLYCERIN FOR PROPRANOLOL-INDUCED MYOCARDIAL DEPRESSION—HATTORI ET AL. 1 


-r N TERT“ " 


“FETE aE 


Partial Coronary Occlusion: Effects of Propranolol and Nitroglycerin on Coronary Blood Flow and Hemodynamic Variables 


Control 
CBF (ml/min) 27.5 5.9 
LVSP (mm Hg) 120 + 15.5 
LVEDP (mm Hg) 4.9 + 1.1 
HR (beats/min) 146.8 + 21.4 


*^ Compared with value on the left: * probability (p) «0.001, ! p «0.01, t p 


Partial Propranolol + 
Occlusion Propranolol Nitroglycerin 
14.6 + 2.2* 14.9 + 2.5 12.6 + 2.21 

116.9 + 13.8 112 + 12.1 90.6 + 10.4* 
5.1+ 1.4 5.9 + 1.4 4.1 X 1.4! 
149.9 + 21.9 115 + 18.9! 113.6 + 19.2 


«0.05. 


CBF = coronary blood flow; HR = heart rate; LVEDP = left ventricular end-diastolic pressure; LVSP = left ventricular systolic pressure; + = © 


standard deviation. 


transducer (P23D6). High sensitivity recordings of left ven- 
tricular end-diastolic pressure and the first derivative of the 
left ventricular pressure were obtained electronically. 

The left anterior descending coronary artery was dissected 
about 4 cm distal to its origin. An electromagnetic flow probe 
(Micron 1001-B) was placed around it. Zero flow references 
were obtained by transiently occluding the vessel distal to the 
flow probe. To evaluate regional myocardial function, two 
pairs of 3 megahertz ultrasonic crystals were implanted sub- 
endocardially in the nonischemic zone and potentially 
ischemic zone. The crystals with a diameter of 2 to 3 were in- 
serted in the inner half layer of the myocardium through small 
stab wounds perpendicular to the long axis of the left ven- 
tricle. 

End-diastolic and end-systolic lengths were measured by 
the method of Theroux et al.!6 End diastolic length was nor- 
malized to an arbitrary length of 10 mm. Systolic shortening 
(%AL) was calculated as follows: 


_ End-diastolic length — End-systolic length 
End-diastolic length X 100 


Coronary occlusion and drug administration: After 
control recordings were obtained, partial coronary occlusion 
was performed in eight dogs by an adjustable screw clamp so 
as to reduce the left anterior descending arterial blood flow 
by approximately 50 percent.!? The left anterior descending 
artery was totally occluded in the remaining six dogs. Thirty 
minutes after coronary occlusion, propranolol was injected 
intravenously in a dose of 1 mg/kg.? Hemodynamic and seg- 
ment length measurements were made 15 minutes after ad- 
ministration of propranolol. Nitroglycerin was then admin- 
istered intravenously as a 300 to 400 ug bolus dose, and ap- 
proximately 3 minutes later, when the left ventricular systolic 
pressure had decreased approximately 20 mm Hg below the 
control level, hemodynamic and segment length measure- 
ments were again recorded. All data were recorded on an 
Electronics for Medicine VR-16 recorder at paper speeds of 
5 and 100 mm/s. 

Results were expressed as mean + standard deviation. 
Statistical analysis was performed by Student's t test for 
paired values. 


%AL 


TABLE Il 


Partial Coronary Occlusion: Effects of Propranolol and Nitroglycerin on Segmental Shortening (% AL) 


Control 
Ischemic zone 2.9 0753 
Nonischemic zone 18.9 + 5.3 


*.t.t Compared with value on the left: * p «0.001, t p «0.01, + p «0.02. 


.96 AL = percent change in length. 


Results 


Effects of Propranolol and Nitroglycerin During Partial 
Coronary Occlusion 


Coronary blood flow and hemodynamic variables | 
(Table I): During partial coronary occlusion, mean _ 
coronary blood flow was reduced by 46.9 percent from _ 
a control value of 27.5 + 5.9 to 14.6 + 2.2 ml/min (p — 
«0.001). Flow was unchanged by the administration of 
propranolol but was further reduced to 12.6 + 2.2 ml/ 
min (p «0.05) with the addition of nitroglycerin. 

Left ventricular systolic and end-diastolic pressures 
were unchanged after partial coronary occlusion and 
administration of propranolol. However, after nitro- 
glycerin, left ventricular systolic pressure decreased - 
significantly from 112 + 12.2 to 90.6 10.4 mm Hg (p 
<0.001) and end-diastolic pressure from 5.9  1.4to 4.1. — 
+ 1.4 mm Hg (p <0.01). Heart rate decreased from 149.9. 
+ 21.9 to 115 + 18.9 beats/min (p <0.01) after admin- — 
istration of propranolol and remained unaffected by 
nitroglycerin infusion. 

Segmental shortening (% AL) (Table II): During 
partial coronary occlusion, the WAL in the ischemic zone - 
decreased markedly from 20.9 + 5.3 to 7.2 + 6.4 (p 
<0.001) but remained unchanged in the nonischemic 
zone. Administration of propranolol produced only a 
slight but statistically insignificant further decrease of — 
7o AL (from 7.2 + 6.4 to 6.7 + 4.5) in the ischemic zone - 
but caused a greater decrease from 18.6 + 6.2 to 15.6 + 
5.1 (p <0.01) in the nonischemic zone. In contrast, ni- | 
troglycerin infusion greatly improved the segmental i 
shortening of the ischemic zone from 6.7 + 4.5 to 11.2 
+ 5.3 percent (p <0.01) and produced less pronounced 
improvement from 15.6 + 5.1 to 17.3 + 5.9 percent (p 
<0.02) in the nonischemic zone. zi 

End-diastolic length (Table III): After partial - 
coronary occlusion, the normalized end-diastolic length 
increased from 10.0 to 10.3 + 0.3 mm (p <0.05) in the — 


tal db ORA 2-37 ts 


Partial Propranolol + 
Occlusion Propranolol Nitroglycerin j 
7.2 t 6.4* 6.7 + 4.5 11.2 £ 5.3t K 
18.6 + 6.2 15.6 + 5.17 17.3 + 5.91 L 
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“NITROGLYCERIN FOR PROPRANOLOL-INDUCED- MYOCARDIAL DEPRESSION—HATTORI ET AL. 


TABLE Ill 





_ Partial Coronary Occlusion: Effects of Propranolol and Nitroglycerin on End-Diastolic Length (mm) 
ihe 
Partial Propranolol + 
Control Coronary Occlusion Propranolol .Nitroglycerin 
Ischemic zone 10.0 10.3 + 0.3? 10.5+0.4 9.7+0.4T 
E Nonischemic zone 10.0 10.1 X 0.3 10.3 € 0.4 9.7 + 0.4! 


f *.1.t Compared with value on the left: * p <0.001, t p <0.01, * p «0.05. 


| 
: 
ja 
i 


; Eeehemic zone but remained unchanged in the non- lengthening in the ischemic zone remained essentially 
ischemic zone. Administration of propranolol produced unaffected by propranolol and nitroglycerin. However, 
5 ‘no further change, but infusion of nitroglycerin caused in the nonischemic zone propranolol caused a significant 
- a significant decrease in the end-diastolic length of both decrease in systolic shortening from 18.3 + 2.9 to 15.4 
the ischemic and the nonischemic zones. + 1.9 percent (p <0.02) which was improved to 19.1 + 
| 2.4 percent (p <0.02) with nitroglycerin infusion. 
Effects of Propranolol and Nitroglycerin After Total End-diastolic length (Table VI): In contrast to 
' Coronary Occlusion partial coronary occlusion, total coronary occlusion 
-= Hemodynamic variables (Table IV): While the left resulted in a significant increase of end-diastolic length 
ventricular systolic pressure remained unchanged after of both the ischemic and the nonischemic zones which 
total coronary occlusion, the end-diastolic pressure was further augmented by administration of propran- 


increased significantly from 4.7 + 1.2 to 7.1 + 1.5 mm olol. Nitroglycerin decreased the end-diastolic length 
. Hg (p <0.01). Administration of propranolol produced significantly in both zones. 
no further changes. After nitroglycerin infusion, left 





ventricular systolic and end-diastolic pressures de- Discussion 
- creased significantly. Heart rate decreased from 133.4 Propranolol and myocardial function after cor- 
+ 13.6 to 96.6 + 11.4 beats/min (p «0.001) after pro- onary occlusion: Several investigators*^? have reported 
_pranolol and remained unchanged after nitroglycerin. on the hemodynamic effects of propranolol at rest and 
"The effects of propranolol and nitroglycerin on left during exercise in patients with coronary heart disease. 
_ ventricular systolic pressure, end-diastolic pressure and Propranolol has been shown to decrease heart rate and 
heart rate during total coronary occlusion were similar myocardial contractility with a resulting decrease in 
to those observed during partial coronary occlusion. myocardial oxygen demand. However, the decrease in 
_ Segmental shortening (% AL) (Table V): Thirty myocardial contractility can result in congestive heart 
minutes after total coronary occlusion, segmental failure in patients with impaired left ventricular func- 
shortening (%AL) in the ischemic zone decreased from tion. Although these global depressant effects have been 
_ 18.4 + 2.2 to — 7.2 + 2.2, indicating replacement of sys- well documented in both clinical and experimental 
tolic shortening by systolic lengthening. Systolic studies,®!8 the comparative specific effects on ischemic 
TABLE IV 
. Total Coronary Occlusion: Effects of Propranolol and Nitroglycerin on Hemodynamics 
E: Total Propranolol + 
i Control Occlusion Propranolol Nitroglycerin 
k LVSP (mm Hg) 117 £ 11.2 112 d 5.3 110 + 5.1 88 + 6.11 
5 A LVEDP (mm Hg) KTERE 7.1 1.5! 8.0 t 2.7 5.4 4- 1.2* 
| HR (beats/min) 136 + 17.3 133.4 + 13.6 96.6 + 11.4* 101 + 10.7 
| 


|... *! Compared with values on left: * p «0.001, t p «0.01. 
Abbreviations as in Table |. 





TABLE V 
i Total Coronary Occlusion: Effects of Propranolol and Nitroglycerin on Segmental Shortening (96 AL) 
E Total Coronary Propranolol + 
Control Occlusion Propranolol Nitroglycerin 
Ischemic zone 18.4 + 2.2 —-FHAE 422 =F OE Ag —6.5 13:2 
Nonischemic zone 17.8229 18.3 + 2.9 15.4 + 1.9* < 149,14: 2.4" 


* Compared with value on the left: * p «0.02. 


: Effects et  Propanol and 1 Nitroglycerin on End-Diastolic Length m pe 


Total Coronary 
Occlusion. | 


11.1 + 0.9* 
10.9 + 0.7! - 


Compared with value on the left: * p «0.01, * p «0.02, * p «0.05. 


_Nonischemic zone 


nonischemic myocardium have not been clear. 
ous studies? from our laboratory have shown that 
_ propranolol produces a significant decrease in seg- 
. mental contraction as measured by tension gauges in the 
- ischemic, border and nonischemic zones after total 
- coronary occlusion. However, Vatner et at.!? reported 
< amore significant depression of function in the normal 
< than in the ischemic zones and Theroux et al.!6 and 
 "Lekven!? demonstrated that administration of beta 
- adrenergic blocking drugs improved regional myocardial 
function in the ischemic zone after total coronary oc- 
. clusion. Tomoike et al.” showed a significant reduction 
. in the regional myocardial dysfunction of the ischemic 
- zone with propranolol during partial coronary occlusion. 
_ They postulated that one beneficial mechanism of 
- propranolol was an increase in coronary blood flow to 
-the ischemic zone. In the present study, administration 
-- of propranolol produced a significant decrease in seg- 
- mental shortening of the nonischemic zone although the 
^. ischemic zone remained unaffected during both partial 
| and total coronary occlusion. These findings are con- 
-sistent with the previous observations of Vatner et al.1? 
The difference in results from our previous cbserva- 
tions? that propranolol reduced ischemic zone con- 
. traction may be related to methodology. Previously we 
_ had recorded tension changes from epicardial gauges, 
- but in the present study, we measured shortening with 
- 8ubendocardial ultrasonic crystals. 
-> Advantages of combined propranolol and nitro- 
_ glycerin: In the clinical setting of chronic coronary 
_ disease, propranolol in combination with nitroglycerin 
_ has important advantages over those of either drug 
-. alone in affecting hemodynamics and left ventricular 
< performance.!?!? In the present study when nitroglyc- 
 erin was administered after propranolol, left ventricular 


Bonero 


11.5 + 0.7 
11.9 + 1.71 





systolic and end-diastolic pressures were signi i 
réduced. This decrease in perfusion pressur of 
proximately 20 mm Hg reduced coronary blood floi 
during partial coronary occlusion from 14.6 + 2.2 to 1 

+ 2.2 ml/min. However, in spite of this decrease 
coronary blood flow in the ischemic zone, nitroglycer | 
improved segmental shortening in the ischemic zone by 
67 percent and in the nonischemic zone by 17.3 percent. 
Thus, presumably by reducing the preload and. after 
load, nitroglycerin was able to alter favorably the re- — 
gional distribution of blood flow and hence improve the 
contraction in the nonischemic and partially ischemic _ 
myocardium. However, after total coronary occlusion, _ 
segmental shortening in the ischemic zone was un- __ 
changed; this was similar to that previously reported for _ 
the effects of nitroglycerin alone.11.16 S 
Previous studies from our laboratory?! showed that _ 





the depressant effects of propranolol on the nonisch- __ 
emic and border zones can be reversed by digitalis. The — 
ischemic zone was unaffected. The beneficial effects of 
nitroglycerin on contraction in the present study have 
the theoretical advantages of decreasing myocardial _ 
oxygen consumption (MVO) in the setting of ischemia __ 
while digitalis as a positive inotropic agent may have the __ 
relative disadvantage of not changing MVO or actually _ 


increasing myocardial oxygen demands and ischemia 
in the nonfailing heart. 3 

Clinical implications: If these results are ápplicabi e 
to human beings, our findings suggest that nitroglycerin __ 
may be useful in reversing the myocardial depressant 
effects of propranolol in the setting of acute myocardial 
ischemia. This improvement in regional and global 
ventricular function is associated with simultaneous 
improvement in determinants of myocard c: OnE 
consumption. 
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To evaluate the mechanism of the effect of the interaction à 
quinidine on myocardial contractility, ferret right ventricul 
muscles were isolated and the effects of digoxin, 4 X 1077 ni 
1 X 10? M and atropine, 1.5 X 1079 M, on peak developed force 
rate of development of force (dF/dt) and time to peak tension wi ed 
termined. The addition of quinidine to muscles treated with digoxin 
creased developed force 18 percent (p = 0. 006) and dF/dt 37 perce! 
(p = 0.001) without significantly changing time to peak tension. This etfe 
was abolished by pretreatment with atropine. Quinidine alone increase 
developed force 35 percent (p <0.001) and dF/dt 70 percent. (p <0. 001) 
and decreased time to peak tension 22 percent (p <0.001) from pr 
treatment control values. Atropine alone increased developed force 1 
percent (p = 0.02) and dF/dt 32 percent (p = 0.001) and decreased time 
to peak tension 13 percent (p — 0.003) from pretreatment control values. 
The addition of quinidine to muscles treated with atropine or of atropine 
to muscles treated with quinidine did not significantly change develope ad 
force, dF/dt or time to peak tension from values with either drug 
alone. 

it is concluded that digoxin and quinidine in these doses have additive 
effects on myocardial contractility, and that this interaction is at least 
partially mediated through antagonism of cholinergic influences. by 
quinidine. | 



























Digoxin and quinidine have long been used in combination. do o treat 
various cardiac disorders, and for years it has been known that this 
combination has different effects from those of either drug alone.! R 
cently it was established that the addition of quinidine to the ther 
of patients receiving digoxin causes an increase in the serum digo 
concentration,?-* and this increase in digoxin concentration is ass 
with anorexia, nausea, vomiting and premature ventricular comp 
These problems were diminished by the reduction of digoxin d 
alone,’ and it was recommended? that the dosage of digoxin: 
when it is used in association with quinidine. The response of t 
cardium to the combination of these agents, especially if the dig 
is maintained constant, is less well defined. Using M mode 
ography, Zaman et al. found a significant increase in myocar 
tractility associated with the combination of digoxin and quinic 
that with digoxin alone. Other studies? using systolic time 
indicated that the augmentation of contractility by digoxin is Y 
in the presence of quinidine. | 

After the addition of quinidine to the therapy of patien 
digoxin, and associated with elevations of digoxin level, 
demonstrated electrocardiographic and clinical manife 
hanced digoxin effect. These manifestations include 






























































URS AFTER ADDITION OF DIGOXIN 


! epresentative plot of tension after the addition of quinidine 
M)to the muscle after stabilization for 3 hours in digoxin, 
..M. One isometric beat every 3 minutes has been re- 
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perdent change in developed force (+ standard error 
er the addition of quinidine (Q) to muscles treated with 
(D  Q) or digoxin and atropine (DA + Q). n = number 
5 = not significant; p = probability. 





3 increased; Reid and Meek!? also found 
MEM effects of digoxin with the 


eem in c drug levels has been incon- 
I arasa and d Mathew t found addi- 
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D4Q DA+O " 
FIGURE 3. The percent change (+ standard error of the mean) in peak rs 
rate of development of force (dF /dt) after the addition of quinidine to 


muscles treated with digoxin alone (D + Q) or digoxin and atropine (DA 
+ Q). 


The present study was undertaken to help clarify the 
effects of the addition of quinidine on the augmentation 
of contractility induced by digoxin in vitro, and to in- 
vestigate the mechanisms underlying this interaction. 


Methods 


Experimental preparation: Adult ferrets of either sex 
were anesthetized with intraperitoneal pentobarbital, 30. 
mg/kg, the hearts excised and transferred to a bath containing. - 
200 ml of a Krebs-Ringer solution with 1.25. mM calcium,- 
bubbled with 95 percent oxygen, 5 percent carbon dioxide gas 
and maintained at 25°C (pH = 7.4, POs 600 or more). Right — 
ventricular papillary muscles of the appropriate size (weight - 
2 to 4 mg) were removed and attached to the myograph with 
use of aluminum tubes crimped onto the muscle and super: 
fused with the solution described. | 

Because the ends of a papillary muscle are nécessarily " 
damaged by any method of attachment of the muscle to the . 
myograph, the length of a central undamaged segment de- 
lineated by two electrolytically sharpened stainless steel pins _ 
inserted into the muscle was optically measured (referred. D. 
as segment length) and servocontrolled.!? The myograph was- 
controlled by a microprocessor that samples the overall musel t. 
length, segment length and force at 4 ms intervals. Whende- | 
sired, the signals constituting the raw data for one or more — 
beats are transmitted to a general purpose laboratory com- | 
puter (DEC LSI-11) and stored for subsequent analysis. Cross. 
sectional area of the muscle was estimated at Lmax (the length - 














_of the muscle at which developed tension was maximum) by - 


dividing the muscle’s weight by its length, and assuming - 
muscle density to be 1 g/ml. The muscles were stimulated with 
platinum field electrodes at a rate of 12 beats/min, at ap- - 
proximately 3 times the threshold current level. The initial 
muscle length . for the experiment. was: at 98 8 percent of 
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ru tween recording beats. At the time of recording, the muscle 
|. contracted isometrically for three beats, and the fourth iso- 
.. metric beat was recorded. The variables of peak developed 
Gt. force, time to peak developed force and dF/dt (rate of devel- 
_ opment of force) were thus automatically determined from 
|; one such isometric beat every 2 minutes. After stabilization 
for 30 minutes, digoxin (4 X 1077 M) was added and the 
_ muscle allowed to stabilize for at least 3 additional hours. Five 
___ beats were recorded at the end of this period and the average 
.. was used for subsequent calculations. 

ts - Quinidine and atropine: Quinidine gluconate was added, 
: at a concentration of 1 X 1075 M, the muscle allowed to sta- 
-... bilize for 1 hour, and 5 more beats were recorded over a 10 
|. minute period. Another group of muscles, pretreated with 
d atropine (1.5 X 1075 M) added simultaneously with the di- 

goxin, was also tested, in the same manner, before and after 

. the addition of quinidine. 

|... Two other groups of muscles were tested for the effects of 
: atropine and quinidine, alone and in combination. After 
_ Stabilization, nine muscles were treated with atropine for a 
-. final concentration of 1.5 X 1079 M. After a plateau was 
-.. reached (in approximately 45 minutes) repeat measurements 
- were taken on five beats. Seven of these muscles were then 
< treated with quinidine and allowed to stabilize, and repeat 
. measurements made. The analysis utilized the means of each 
i set of five beats, expressed as a percent of each muscle’s own 
_ control value, taken before the addition of any drug. Seven 
lditional muscles were tested in a similar fashion with 
quinidine. Atropine was subsequently added to four of 
ue these. 
— . Statistical analysis: Data are expressed as mean + stan- 
dard deviation, unless otherwise specified. Statistical analysis 
- of differences between, groups of muscles was determined by 
. expressing each value as a proportion of each muscle's own 
| rol, and using unbalanced analysis of variance using 
multiple regression analysis with the 2.1 version of 
BMDP1R.14 Group differences were considered significant 
probability (p) values were less than 0.05. 




























Results 


: 5 Digoxin plus quinidine: À representative tracing of 
the response to the addition of quinidine in a muscle 








developed force, peak dF/dt and time to peak ten- 
on in untreated muscles were 6.95 + 0.7 g/mm?, 53.4 






deviation From Control Value for Develops Force, P. 
for Atropine, 1.5 X 107? M, Quinidine, 1 X 1075 M, and Their Comt 





ug [4324 + 22 0.001 
455.5 + 33 «0.001 

[r4 +22 <0.001 
469.636 «0001 


| p value for treatment versus control value immediately before treatment. 


treated with digoxin is shown in Figure 1. Control values: 
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treated with digoxin, 4 X 107? M, Ted the dev 
oped force 18.0 + 11 percent (p = 0.006} compared 
digoxin alone (Fig. 2), and the peak dF/dt 37.0 + 2 
percent (p = 0.001) (Fig. 3). There was no signifi n 
change in time to peak tension with digoxin plus qu y 
idine compared over that with digoxin alone. | 
Digoxin plus atropine: In six muscles treated. si 
multaneously with atropine and digoxin, there was n 
significant change after the addition of quinidine 
developed force, peak dF/dt or time to peak tensioi 
from values obtained immediately before the additi 
of quinidine (Fig. 2 and 3). v S 
Atropine versus quinidine: Atropine (1.5 X 39-5 M ) 
alone increased the developed force 16.8 + 9 percent (p 
= 0.018) and peak dF/dt 32.4 + 22 percent (p= 0.001) 
while decreasing the time to peak tension 12.6 + 10 
percent (p = 0.003) from pretreatment control values 
Quinidine alone (1 X 1075 M) increased the de 
force 34.9 + 34 percent (p <0.001) and peak dF/dt 70.4- 
+ 22 percent (p <0.001) while decreasing time to on 
tension —21.7 + 13 percent (p <0.001) from pretreat 
ment control values (Table I, Fig. 4 to 6). There were n 
significant differences when comparing muscles treatec 
with atropine alone versus quinidine alone for perc 
change in developed force (p = 0.89), peak dF/dt i 
0.26) or time to peak tension (p = 0.19). E 
The addition of quinidine to muscles treatea 
atropine caused no significant further change i 
veloped force, dF/dt or time to peak tension. " 
dition of atropine to muscles treated with quinidi 
caused no significant further change in developed 
dF/dt or time to peak tension. | 








































Discussion 


Methodologic problems: Investigations | 
combined effect of quinidine and digoxin on th 
in vivo are difficult for several reasons. 'T'he s 
goxin level is usually increased with th 
quinidine, making it necessary to disting i 
the effects of the drug interaction at the re 
versus effects mediated by increased level 
sone: ie dd. to e e otro 
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| RE a The percent increase (+ standard error of the mean) in 
‘eloped force compared with control values before treatment for 
spine (A), quinidine (Q), atropine followed by quinidine (A + Q) and 
nic ine followed by atropine {Q + A). 
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ercent increase. z Ros, error i the mean) in the 
velopment of tension compared with the control value 
e; quinidine alone, atropine followed by quinidine and 
ed by atropine. Abbreviations as in Figure 4. 


ntricular function. Also, it is well known 
hese drugs has independent indirect effects 
ular system, BER the muscarinic 
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FIGURE 6. The percent decrease (+ standard error of the mean) in time 
to peak tension compared with the. control value for atropine alone, — 
quinidine alone, atropine followed by quinidine and quinidine followed 
by atropine. Abbreviations as in Figure 4. 9 


vestigation of the effects of these two drugs in combi- 
nation. | 
In these experiments we found a relatively high 
variability in the magnitude of response to our inter- 
ventions. This may be related to differences in the de- 
gree of autonomic influence of each individual papillary 
muscle. Qualitatively, however, each muscle responded 
in a similar fashion, and analysis of variance established 
the statistical significance of these observations. —_. 
Digoxin-quinidine interaction: Williams and . 
Mathew!! proposed that changes seen in contractility . 
in vitro with the combination of digoxin and quinidine 
may be mediated through changes in digoxin-receptor 
interactions. Straub et al.!2 demonstrated a reduction | 
in the number of digoxin-binding sites in beef heart — 
membrane by the addition of quinidine. In our experi- - 
ments, atropine abolished the effect of quinidine on- 
contractility in digoxin-treated isolated muscles. . 
Whether this also affected changes in digoxin binding - 
has not been investigated, and the relative importance 
of changes in cholinergic influence versus changes at the 7 
receptor level is unknown. ri 
The digoxin-quinidine interaction in a the light of the 
"vagolytic" action of quinidine has not previously been. | 
investigated. This vagolytic effect is potentially i im- | 
portant and frequently underestimated as it concerns 
ventricular function. De Geest et al.!8 demonstrated _ 
diminished contractility in canine left ventricle in re- -~ 
sponse to stimulation of the vagus. Also, Sieber et al!9 - 
found in isolated human papillary muscle that. atropine - 
abolished the negative effect of acetylcholine released 
by applying electrical field pulses during the myocardial. 
fiber refractory period. — i 
Our experiments also demonstrated a positive ino- E 
tropic effect with atropine alone, implying some ` 
underlying degree of cholinergic activity in these i iso- : 
lated muscles. The fact that quinidine augme ts con- 












ardial OE T x is 


n t t quinidine in larger doses does depress 
‘lity in isolated muscle.2°2! However, the 
required to demonstrate a negative effect are 

er than those usually obtained in patients. Quini- 

is also. highly protein-bound, so that free drug 
ntrations in patients would be even less than 
centrations in the protein-free solution?” used in 
ese experiments. Other factors may also play a role 


seems likely that quinidine has Wo 
muscle. These are an indirect “vagoly t 


and more frequently seen at higher l 
dominant effect would depend on dr 
and the underlying “vagal tone.” In 
goxin, quinidine has an additional imp 
raising serum digoxin concentration. * 
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per ension on Cardiac Performance in - 
Myocardial Infarction 


ivedMarch9, 1982, — 
ER the response: of the left ventricle t to myocard 


To determine the effects of hypertension and myocardial infarction on 

cardiac performance, hemodynamic studies were performed on ether- 
anesthetized, female spontaneously hypertensive rats and on two strains 

of normotensive rats, Wistar-Kyoto and American Wistar, 26 days after 

coronary arterial ligation. Baseline measurements of ventricular and ar- 

terial pressures and cardiac output (electromagnetic flowmeter) were 

obtained. Peak cardiac pumping and pressure-generating capacities were 

determined during a volume load and aortic occlusion, respectively. Infarct 

size was determined by planimetry. There was a progressive reduction 

in mean arteria! pressure in relation to infarct size in both hypertensive 
and normotensive rats, but this reduction was twice as great in sponta- 

neously hypertensive rats as in the normotensive rats, such that the arterial 

pressure of hypertensive rats with a moderate or large infarction de- 

creased to within the “normotensive range." However, spontaneously 

hypertensive rats still maintained significantly higher arterial pressures 

than did normotensive rats at comparable infarct sizes. There was also 

a progressive reduction in the peak pressure developed during an afterload 

stress, and this reduction was greater in hypertensive rats than in nor- 

motensive rats with a large infarct. Maximal flow-generating capacity was 

similarly altered in rats with infarction: Peak stroke volume index varied 

inversely with infarct size and the reduction in this index was significantly 

greater in spontaneously hypertensive rats than in normotensive rats with 

a large infarct. Moreover, peak stroke work index was reduced to a greater 
extent in spontaneously hypertensive rats than in both normotensive 
strains of rats at any infarct size. Thus, after myocardial infarction, greater 
reductions in beth pressure and flow-generating capacities occurred in 
hypertensive rats than in normotensive rats. 


Hypertension is well established as a major risk factor for the develop- _ 


ment of coronary artery disease and myocardial infarction.! In addition 


to increasing the likelihood of sustaining myocardial infarction, hyper- . 


tension adversely affects prognosis after recovery from infarction.?-4 . 


Blood pressure levels generally tend to be reduced from preinfarction . 
levels after myocardial infarction? and, indeed, “normalization” of | 

pressure in hypertensive patients has been reported." Kannel et al.? 
recently demonstrated that hypertensive patients experiencing the 
greatest reductions in arterial pressure after myocardial infarction had _ 
the highest mortality in the 5 year postinfarction period. In previous - 
studies”! of normotensive rats with healed myocardial infarction we. _ 
demonstrated that infarct size was a major determinant of the degree — 


of impairment of ventricular performance. The purpose of the present 
study was to determine whether the presence of Lade modified. 


ctio i Specifically, | 
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ree. of left vel 






mal model: Hemodynamic studies were performed in 
male spontaneously hypertensive rats (SHR, Okamoto- 
) obtained from our inbred (brother to sister) colony and 
two strains of normotensive female rats, 25 Wistar-Kyoto 
VKY, Charles River Breeding Laboratories) and 39 
nerican Wistar rats (NWR, West Jersey Biological Supply). 
average age at the time of coronary arterial ligation was 
seks (range 18 to 35). All rats consumed standard rat chow 
ina) and water as desired, and were housed in polyeth- 
? cages and maintained in a 12 hour light-dark cycle. 
Myocardial infarction was produced by ligation of the left 
coronary artery as previously described?-!? and further 
-— modified for this study by the addition of a semisterile tech- 
-+ nique, laryngeal intubation and positive pressure respiration. 
‘Sham operations were performed in which the heart was 
- transiently everted from the thorax but no suture was inserted 
"around the coronary artery. 
— ^ Hemodynamic studies: Hemodynamic studies were per- 
-formed under ether anesthesia 26 days ( range 22 to 29) after 
. Coronary arterial ligation, by which time necrotic myocardium 
. has been completely replaced by fibrous scar tissue.9:13 The 
- right carotid artery was cannulated with a short polyethylene 
catheter (PE50) connected to a Millar micromanometer, a 
_ catheter-transducer system that has a natural resonant fre- 
. quency of 100 hertz and gives high quality left ventricular 
. pressure tracings. The right jugular vein was cannulated and 
. a similar catheter was advanced into the right atrium. The 
. arterial and venous catheters were then advanced briefly into 
- the left and right ventricles, respectively, and then withdrawn 
..to the aorta and right atrium for recordings of phasic and 
mean left and right ventricular and ascending aortic and right 
. atrial pressures and heart rate. Left ventricular end-diastolic 
-pressure was recorded on a separate channel at a high sensi- 
tivity (0 to 40 mm Hg). The trachea was cannulated and 
. ventilation and anesthesia were maintained by a positive 
pressure respirator (Harvard rodent respirator) connected in 
_ Series to an ether drip apparatus. The chest was opened bya 
. mid sternal thoracotomy and an electromagnetic flow probe 
. (inner diameter 2.0 or 2.5 mm, Statham Instruments) was 
placed around the ascending aorta for the continuous re- 
cording of cardiac output (less coronary flow). 
¿© Heart rate and other phasic variables were measured as 
an average of 10 consecutive beats. From measurements of 
arterial and venous pressures and ascending aortic flow 
- (cardiac output), cardiac index (cardiac output/body weight), 
stroke volume index (cardiac index/heart rate) and stroke 
"work index (stroke volume index times the difference between 
-mean arterial and right atrial pressures multiplied by 0.0136) 
were calculated. 
- Volume load: Warmed Tyrode solution then was infused 
- into a femoral vein at a rate of 40 ml/min per kg for 45 seconds. 
. This infusion produces a rise to a plateau in cardiac output, 
at which point cardiac output ceases to increase despite fur- 
-ther elevations in right atrial pressure.!4 Cardiac output and 
_ stroke volume were measured at each increment of 0.5 mm Hg 
 àn atrial pressure to ascertain their peak values. The peak 
cardiac output and stroke volume thus attained served as 
-indexes of the pumping ability of the heart. 
Aortic occlusion: Fifteen minutes after the volume load, 
n all hemodynamic variables had returned to baseline 
ls, the flow probe was removed and the arterial catheter 
dvanced into the left ventricle. The ascending aorta was 
occluded by a suture to produce isovolumic contrac- 






































xcept for coronary flow). The peak pressure (peak 
minus end-diastolic pressure) developed during the — 







served as an index of the pressure gene 
Filling pressures during second volt 
termine the extent of the alterations in fill 
volume loading a second infusion of Tyrode 
in volume and rate to the first was given whi 
systolic and end-diastolic pressures and ni 
pressure were continuously recorded. Left v. 
sures could not be measured simultaneously 
aortic blood flow in this preparation. We believe th 
measurement of maximal left ventricular filling pre 
during a second volume load and after an intervenin 
occlusion provides an accurate estimate of the filling press 
during the initial volume load for several reasons. (1) 1 
hands the ether-anesthetized rat is a very stable prepara: io 
over the duration of these studies. (2) Multiple aortic occ 
sions can be performed with no deterioration in develope 










































































pressure. (3) A second and even a third infusion of Tyrod 
solution with measurement of aortic blood flow after an ir 
tervening aortic occlusion yields the same levels of peak car 
diac output and stroke volume as those recorded before the 
aortic occlusion. !5 E — 
Pressure-volume curves: The heart was then arrested 
with potassium chloride. A double lumen catheter was in- 
serted into the left ventricular cavity by way of the aorta and 
was secured by a ligature around the atrioventricular groove. 
The right ventricle was incised to eliminate any compressive 
effect on the left ventricle. Pressure-volume curves were. 
generated by infusing saline solution at a rate of 0.68ml/min 
while simultaneously recording pressure over a range of Oto . 
30 mm Hg.!° Three pressure-volume curves were obtained 
within 10 minutes of cardiac arrest, before the onset of rigor. 
mortis; the results were averaged. m 
Determination of infarct size: The right ventricular free - : 
wall and left ventricle plus interventricular septum were 
dissected and weighed. The left ventricle was then embedded 
in paraffin and serial sections of 50 u thickness were cut from. 
apex to base. Every 20th section (approximately every 1 mm) - : 
was mounted and stained with Masson's trichrome from which — 
hematoxylin was omitted to give maximal discrimination 
between fibrous infarct and muscle. | ds 
The 10 to 13 serial sections obtained from each heart were 
mounted on slides and projected with a magnification of X12 
The length of fibrous scar and the length of noninfarcted 
muscle were measured by a planimeter (Numonics Corpora- 
tion) for both endocardial and epicardial surfaces of eac 
section. For each heart, endocardial and epicardial infarct si 
were calculated as the sum of the infarct lengths determi 
with planimetry divided by the sum of the total circun 
ences (infarct length plus length of noninfarcted muscl 
were expressed as percentages. Final infarct size was exp 
as an average of endocardial and epicardial infarct sizes 
Statistical analysis: Results are expressed as me 
standard error of the mean, except where indicated 
fication of the rats with infarcts into three groups acc 
to size resulted in similar variance within the groups: 
without infarcts. À one way analysis of variance was 
estimate the pooled error mean square and the sign 
of differences between the groups. When the grou 
significantly different by F test, each group with in 
compared with the group without infarcts by t tes 
































Group With Infarction 


Moderate 















+ standard deviation) infarct size, expressed as percent 
r circumference; n = number of rats; NWR = normo- 

rats; SHR = spontaneously hypertensive rats; WKY = 
Mistar-Kyoto rats. 


Results 


stares size: The distribution of rats with and 
ithout myocardial infarction within each of the three 
rains is presented in Table I. For the purposes of data 
nalysis, rats with infarction were arbitrarily classified 
ito those with a small infarct (less than 33 percent of 
he left ventricular circumference), moderate infarct (33 
43 percent) and large infarct (greater than 43 per- 
). Except for the group of Wistar-Kyoto rats with 
mall infarct, this division produced groups with 
! parable infarct sizes for interstrain comparisons. 
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uo ees 
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E farct there was significant left ventricular hypertropt 2 
in the hypertensive group compared with both normo- ` 
tensive strains. Despite the presence of a fibrous scar ` 


ind Ventricular Weights of Rats With and Without Myocardial Infarction 





that occupied up to 50 percent of the left ventricular | 
circumference, healed myocardial infarction produced — 
no significant. changes in left ventricular mass within 


each strain, except for a small reduction of borderline -~ 


significance in Wistar rats (NWR) with a moderate- | 
sized infarct. In contrast, there was substantial (p <0.01) 
right ventricular hypertrophy in rats with a large infarct 
in each strain. In rats with a moderate infarct, right 
ventricular hypertrophy was evident only in sponta- 
neously hypertensive rats (p «0.01). 

Baseline hemodynamics: In each strain of rats there 
was a progressive reduction in systolic, diastolic and 
mean arterial pressures with increasing infarct size (Fig. 
1). This decrease was greatest for systolic pressure and 
least for diastolic pressure so that pulse pressure also 
progressively decreased. The reduction in mean arterial 
pressure of both hypertensive and normotensive rats 
with infarction was directly related to the size of the 
infarct (Fig. 2). Because the reductions in arterial 
pressure of rats with infarction relative to those without 
infarction were approximately twice as great in spon- 
taneously hypertensive rats as in both normotensive 
strains, the arterial pressure of these previously hy- 
pertensive rats with a moderate or large infarct de- 
creased to within the normotensive range. Nevertheless, 
when compared with normotensive rats with infarcts 
of comparable size, the spontaneously hypertensive rats 
still maintained significantly higher blood pressures. 
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SC FIGURE 1. Systolic, mean and diastolic arterial pressures of sponta- 
neously hypertensive (SHR) and two strains of normotensive rats, 
wx Wistar-Kyoto (WKY) and American Wistar (NWR), with and without 
_ myocardial infarction. C, S, M and L represent control group without 
i infarction and small, moderate and large infarct groups, respec- 
e e. 






- Left eiiis end- diastolic pressure increased pro- 
- gressively in direct relation to infarct size (Table III) 
. and no major differences occurred between hyperten- 
-sive and normotensive rats. 

_. Although right ventricular pressures were not mea- 
-sured in all rats, no differences were noted between 
_ strains in rats without infarction (Table III). However, 
. in rats with a moderate infarct right ventricular systolic 
. pressure was significantly greater in the spontaneously 
.. hypertensive group than in either normotensive strain. 
_ Although the right ventricular systolic pressures ob- 
-tained for rats with small and large infarcts were in- 
- sufficient for statistical analysis, the values are pre- 


J tE 2. Individual data points for mean ar- 
pressure (MAP) versus infarct size of 
itaneously hypertensive rats (SHR), Wis- 
(yoto rats (WKY) and Wistar rats (NWR). 
lues: with error bars represent: the mean t 
standard deviation of control group without 
arction. Regression equations are presented jer 
pertensive and pooled. normotensive E 
i at In the right. panet note oa 


MAP (mmHg) 


oe ne lat ond. enie pressure px <0.01) 


strains of rats there was progressive impa 


y= IB5-1.68x 
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coefficient was close to unity (0. 93 = 
that the pulmonary hypertension | was 
Right atrial pressure (Table III) was 
only in rats with a large infarct and the 
of pressure in spontaneously hypertens. 
not significant, was twice that in the no 
Within strains, heart rate was slower ( 
with a large infarct than in rats withot 

Afterload stress (Fig. 3): Within ea 























































pressure-generating capacity with increas 
(p «0.01 from analysis of variance for eac 
When rats with similar infarct size were com 
absolute level of developed pressure in th p 
neously hypertensive rats was similar to tha 
normotensive Wistar-Kyoto rats, but sign 
greater than that in normotensive Wistar rats (p «0.0: 
However, the developed pressure in the control: hy: 
tensive rats without infarction (275 +4mm Hg) w: 
also significantly greater than in both normotensive 
control strains (Wistar-Kyoto rats 242 + 5 mm Hi 
«0.01; and Wistar rats 226 + 3mm Hg,p «0. 01). To 
account for this difference in control values and to asse 
the degree of impairment with infarction, we analy 
the difference in developed pressure between the coi 
trol values and values in each infarct group. The ab 
lute reduction in developed pressure was greater n 
spontaneously hypertensive rats than in both norm: 
tensive groups with a large infarct (p <0.01) and als 
greater than in Wistar-Kyoto rats with a moderate in- 
farct (p <0.01). However, when expressed as a percen 
of the corresponding mean control value, the changes 
in the hypertensive rats were similar to those i in the 
normotensive rats. 
Preload stress (Fig. 4): The findings forn maxi | 
flow-generating capacity « were similar to those 
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11446 108 102 43 87 +4 
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4.2 X 0.5 8.5 4 1 20.2 £ 2.7 324 £ 1.0 
38 + 2 (14) 48 + 14 (2) 59 + 3 (6)* 70442) | 
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0.1: 02. 0.6 0.7 X 0.4 38313 
—0.1 3: 0.2 —0.8 + 0.2 0.7 3- 0.5 3.8 + 0.6 
415 + 5! 384 + 17 406 + 9! 365412 — 
389 + 6 360 - | | 
394 + 11 375 + 15 





























re Xi ressed as mean + 1 standard error of the mean. The sample size for each infarct group and strain i is biesenied in parentheses. | 
tricular: systolic pressure. 
).05 versus "WKY, TNWR; p <0.01 versus WKY, SNWR. 

art rate (beats/min), LVEDP = left ventricular end-diastolic pressere (mm Hg); MAP = mean arterial pressure (mm Hg); NWR = normotensive 

ats; RAP = right atrial pressure (mm Hg); RVSP = right ventricular systolic pressure (mm Hg); SHR = spontaneously hypertensive rats; 
Wistar-Kyoto rats. 


SHR WKY NWR maximal pressure-generating capacity. Within each. 
strain, peak stroke volume index varied inversely with _ 
infarct size (p «0.01). Within each infarct group the | 
absolute level of peak stroke volume index was similar . 
in hypertensive and normotensive rats. However, the . 


control values of peak stroke volume index were also UR 
significantly different, being greater in spontaneously n 
hypertensive rats (1.33 + 0.04 ml/kg) than in either - 
Wistar-Kyoto (1.14 + 0.04 ml/kg, p «0.01) or Wistar- 
rats (1.15 + 0.05 ml/kg, p «0.05). As a result, the dif- — 
ference from the corresponding control group was sig- _ 
nificantly greater in hypertensive rats with large infarcts — 
(p «0.05 versus Wistar-Kyoto, p «0.01 versus Wistar) e 


CSML although not in the other infarct groups. When ex- 
pressed as percent of the corresponding mean control | 
value, the reduction in peak stroke volume index was | 
of similar magnitude in hypertensive and normotensiv : 
rats with infarcts of comparable size. : 
By contrast, differences in peak stroke work ind 
in hypertensive and normotensive rats were more t 
clear-cut (Fig. 5, upper panel), largely due to differences - 
in blood pressure. The reduction in peak stroke work — 
index of spontaneously hypertensive rats was more than 
twice that of both normotensive strains in all three in- 
farct groups (Fig. 5, lower panel) (p «0.01 for the five 
possible comparisons). Furthermore, this difference was 
still apparent after expressing the absolute values as a 
percent of the corresponding control group to account - 
for the significant. difference between the control rats r 
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| IGURE 4. The peak stroke volume index attained during an intravenous 
volume loading with Tyrode solution in spontaneously hypertensive rats 

SHR}, in normotensive Wistar-Kyoto (WKY) and Wistar rats (NWR), in 
control rats without infarction (C) and in rats with small (S), moderate 
M) and large (L) myocardial infarcts. The upper panel presents absolute 
values and the lower panel presents the within strain change from 


Uc control values. p «0.05, SHR versus "NWR; p «0.01, SHR versus 


+ WKY. 
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IGURE 5. The peak stroke work index achisvad or an intravenous 
ume load with Tyrode solution in spontaneously hypertensive rats 
IR), adsis Mice (WKY) and normotensive Wistar 

ut infarcti | 


Peak Stroke Work index E 
(% Control ) 


(gm-m/Kg) 


Left Ventricular End- 
Diastolic Pressure (mmHg) 


FIGURE 6. Upper panel, peak stroke work index during volu 

in rats with infarcts expressed as.a percent of the corresponc 
in rats without infarction (ordinate) and in rats with average inf 
(abscissa). Lower panel, absolute peak stroke work index 
ventricular end-diastolic pressure attained during volume loading. 
each strain, values for control rats without infarction and rats with 
moderate and large infarcts are presented sequentially frc 
Error bars represent + 1 standard error of the mean. NWR 
tensive Wistar rats; SHR = spontaneously Hypertens} 
Wistar-Kyoto rats. : 


that of both normotensive strains of ra 
infarct (Fig. 5, upper panel). ; 
This greater impairment of stroke. woi 
spontaneously. hypertensive. rats wit 
curred despite the similar or even hig} 
diastolic pressure of the hypertensive 
of volume loading (Fig. 6, lower panel) 
33 percent reduction in peak stroke 
spontaneously hypertensive rats (A0.8 
small infarct compared with only a18 pe 
in normotensive Wistar rats (A0. 1 
achieved at the expense of a higher end-c 


sure in spontaneously hypertensive rats ( 


than that in Wistar rats (23 1 mm Hg 
Pressure-volume data: Fo: ach i i 
diastolic volume of the left ventricle 


hypertensive rats was similar to or great 


either normotensive strain (Table 








. Group Without. - 
Infarction 


are e eipressed as milliliters per kilogram of body weight. 
HR versus ‘WKY and 5NWR. 
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Moderate l | Large 


| vi : TONS sive Wistar rats; SHR = spontaneously hypertensive rats; WKY = Wistar-Kyoto rats. 















Io owever, in the moderate infarct group the volume of 
pontaneously hypertensive rats was only greater than 
hat of Wistar-Kyoto rats and in the large infarct groups 
ere were no differences in volume among the three 
strains. of rats. 


Discussion 


us The prognosis of hypertensive patients with ischemic 
heart disease is worse than that of normotensive pa- 
tients with similar disease. Several factors associated 
with the hypertensive disease process may contribute 
to the increased mortality and morbidity of these pa- 
tients. Hypertension accelerates the development of 
: atherosclerosis,! $48 and concentric left ventricular hy- 
yertrophy may lead to impaired coronary reserve, !??9 
nore extensive myocardial ischemia?! and malignant 
tricular arrhythmias. Impaired left ventricular 
ion is a major determinant of prognosis in myo- 
lal nfarction.?- 2? The left ventricular performance 
rtensive patients may already be impaired before 
al infarction occurs?? and, after infarction, may 
depressed by myocardial necrosis or by the 
itently increased vascular resistance. 
emodynamic consequences of myocardial in- 
n modified by hypertension: Analysis of the 
il contributions of these multiple factors to the 
s of hypertensive patients with myocardial 
n is difficult. However, some aspects of the 
f infarction on hypertrophied hearts from ani- 
h hypertension have been reported. Mueller et 
onstrated in unanesthetized renal hypertensive 
coronary occlusion that myocardial blood flow 
'ed to the same extent as in normotensive dogs. 
i spontaneously hypertensive rats with 
1 tion induced by subcutaneous injec- 









































?3 noted that systolic blood 
+g to 119 X6 mm Hg  volņų 
prune eported in this. —M o 


myocardial infarct (Fig. 1). However, in the study of 
Wexler,?? all rats had a very large myocardial infarct 
associated with massive myocardial necrosis, ventricular 
performance was not assessed, and infarct size was not 
quantitated. To date, the manner in which hypertension 
modifies the hemodynamic consequences of sustaining 
a myocardial infarction is relatively unknown. 

Effect on peak developed pressure: In this study 
we found that the absolute levels of peak stroke volume, 
stroke work and developed pressure in hypertensive rats 
with infarction were similar to or greater than those in 
normotensive rats with infarcts of similar size. One 
possible interpretation of these findings is that cardiac 
function is well preserved in hypertensive rats over a 
wide range of infarct size. However, in order to assess 
the effects of hvpertension on the response to infarction, 
we believe that it is necessary not only to examine the 
absolute levels of pressure and cardiac performance but 
also to relate these levels to values in the corresponding 
groups without infarction. With this method of analysis 
the hypertensive rats showed greater absolute reduc- 
tions in both peak stroke volume and developed pres- 
sure with a large infarct than did normotensive control: 
rats. For example, in rats without infarction the average 
difference in peak developed pressure between hyper-- 
tensive and normotensive strains was 41 mm Hg, due. 
largely to the presence of significant left ventricular. 
hypertrophy (Table IT). However, in rats with a large. 
infarct the average difference in developed pressure 
between hypertensive and normotensive strains was. 
only 13 mm Hg. Therefore, despite persistent left ven- 
tricular hypertrophy, the hypertensive rats with a large. 
infarct could only generate isovolumic pressures within. 
Or slightly above the value found in normotensive 
rats. =.) 

Role of increased left ventricular end-diastolic 




















: at maximal preload and isovolumic de- 
i sure at maximal afterload. Thus, the 
ter wall tension required to generate the same in- 
entricular pressure in a ventricle with a greater 
of dilation could account, at least in part, for the 
mpairment in developed pressure with infarc- 
spontaneously hypertensive rats. However, the 
ed left ventricle of the hypertensive rats did not 
to a greater extent than that of either normo- 
isive strain for comparable infarct size (Table IV). 
Therefore, an exaggerated dilation of the left ventricle 
_ of the spontaneously hypertensive rats in response to 
|. a myocardial infarction is not the explanation for the 
-greater impairment of their cardiac performance. 
-= Peak stroke work index as an index of cardiac 
. performance after infarction: Although aortic oc- 
-clusion eliminates the component of afterload due to 
aortic pressure, peak stroke volume is still an ejection 
phase index that is sensitive to ejection pressure.24 Peak 
stroke volume is relatively independent of aortic pres- 
.; Sure in the presence of normal left ventricular function!4 
but is increasingly sensitive to the level of aortic pres- 
.. Sure in the presence of left ventricular dysfunction.25 
In spontaneously hypertensive rats with infarction we25 
. recently demonstrated a progressive reduction of stroke 
‘volume in proportion to infarct size as afterload was 
progressively increased. In the present study, infarction 
produced major reductions in resting arterial pressure, 
but the spontaneously hypertensive rats still functioned 
_ at higher arterial pressures during volume loading than 
did both strains of normotensive rats. 'To account for 
. this difference in the component of afterload contrib- 
`- uted by arterial pressure, peak stroke work index (peak 
¿“stroke volume times aortic pressure) was used as an 
-index of cardiac performance. This index, although not 
independent of afterload, does provide a way of com- 
paring left ventricular function of rats in which both 
_ stroke volume and aortic pressure vary widely. Using 
=- this measurement of peak performance, the sponta- 
.. neously hypertensive rats demonstrated a substantially 
`- greater reduction in peak stroke work index with in- 
.. ereasing infarct size than did either the Wistar-Kyoto 
- or Wistar rats, on both an absolute and a percent basis 
. (Fig. 5 and 6). 
-` The relation between left ventricular end-diastolic 
-. pressure and stroke work is often used as an index of 
. left ventricular function in the acute stage of infarc- 
- tion.” Figure 5 (upper panel) illustrates the importance 
_ of the initial level of stroke work index in assessing the 
. . degree of impairment associated with a calculated level 
. of stroke work. If applied to the clinical situation, the 








































; Kannel WB. Role of blood pressure in cardiovascular morbidity 
and mortality. Prog Cardiovasc Dis 1974;17:5-24. 
s RM, Caughey DE, Mercer CJ, Scott PJ. Prognosis after 


re, there was an inverse ^ sam 


‘dilation and both peak —simpairment ina 


References 


rdial infarction—six year follow-up. Br Heart J 1974;36: a 






function in ap 









twice as great in hypertensive as in normote 
could have both beneficial and deleterious e 
lower pressure, by its afterload-reducing ac 
help to preserve peak pumping ability 
tent than if pressure were maintained at leve 
rats without infarction. However, the h 
rats with a moderate or large infarct were still * 
tensive” compared with normotensive rats wit 
parable infarct size. This relatively elevated arte 
pressure, even though within the normotensive 
for rats without infarction could still have contribute 
to the greater impairment of cardiac performar 
Furthermore, the largest reductions in pressure w 
observed in rats with the largest infarcts and the m 
severe impairment of cardiac performance. — 
Implications: Thus arterial pressure was redu 
and cardiac performance depressed as a function 
infarct size in both hypertensive and normotensive rat 
In these young adult spontaneously hypertensive ra 
with high initial arterial pressures and well compensate 
cardiac performance, greater reductions in pressure 
generating capacity occurred for any given infarct s 
and in pumping ability for large infarcts. These findi 
may be even more pronounced in older spontaneous] 
hypertensive rats with more advanced hypertensiv 
heart disease and left ventricular dysfunction. | D 
Reductions in blood pressure after infarction an 
even "cure" of hypertension are common clinical ob 
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shown to be more important than the absolute levels o 
blood pressure after infarction as prognostic factors o 
mortality. McCall et al.5 showed a relation between a 
estimate of acute infarct size (peak serum glutan 
oxaloacetic transaminase) and the subsequent decr 
in blood pressure. Our findings clearly demonstr: 
relation between infarct size and both left ventr 
dysfunction and blood pressure reduction, and tht 
provide a functional explanation for these epider 
observations. | $: 
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The regional concentration of lidocaine using a double. cor stant inf 
technique (250 ug/kg/min X 15 minutes followed by 35 ug/kg/mg/m 
X 120 minutes) was studied immediately (2 hours) in seven dogs s and 
hours (six dogs) after myocardial infarction. Tissue levels were dete lermine 
by gas chromatography and related to regional myocardial blood flow 
determined by the radioactive microsphere technique in multiple sample: 
At 2 hours after infarction a significantly higher lidocaine concentr M 
(4.1 + 0.42 ug/g) was found in zones with greatly reduced blood f 
(regional myocardial blood flow less than 0.2 ml/min per g) when co 
pared with that (2.6 + 0.19 ug/g) in zones with normal blood flow (re * 
gional myocardial blood flow greater than 0.8 ml/min per g) (p «0.01). 
In contrast, in the 24 hour model the opposite situation was observed. 
Although the concentration of lidocaine in the infarct zone was substa nt 
a significant decline in lidocaine tissue concentration was found in th 
zones of lowest blood flow (regional myocardial blood flow less tha 
ml/min per g) when compared with that in normal zones (1. 76 + 
versus 3.38 + 0.21 ug/g, p <0.001). In addition, no significant d lifferenc 
in lidocaine concentrations were found between endocardium and epi- 
cardium in any of the groups other than those related to regional myo 
cardial blood flow. | 
Thus, with the double constant infusion technique, lidocaine reached. 
normal and ischemic myocardium in concentrations equivalent to ther- 
apeutic plasma concentrations, even in lower infarct blood flow zones, 
with no significant differences between endocardium and epicardium. 
Of perhaps greater significance, the age of the ischemic insult is an im- 


portant determinant of lidocaine tissue distribution in infarcted myocar 
dium. 



























Reduction in regional myocardial blood flow may diminish the deli 
of antiarrhythmic drugs to myocardial infarct zones of low bloot 
The inability to achieve appropriate tissue drug levels in the ar 
mogenic focus may result in inadequate therapy of potentially 
arrhythmias. Recently we! demonstrated that lidocaine tissue « 
tration is dependent on regional myocardial blood flow in t 
minutes after bolus administration. However, regional pharmaci 
may be quite different after constant intravenous infusion. TH 
most common manner of lidocaine administration in the clinical 
This mode of drug administration has previously been studied 
procainamide as the antiarrhythmic agent.? = 
In addition, the age of the infarct also may influence regic T: 
cardial distribution of antiarrhythmic drug. Changes in m: yocar 
flow as well as local physicochemical alterations that ; 
dependent on the duration of ischemic myocardial i 








































































L is erg tissue in relation to re- 
blood flow and infarct age. 


. Methods 


‘design: Thirteen mongrel dogs of either sex, 
n 20 to 30 kg, were studied. They were anes- 
tobarbital, 25 mg/kg. After anesthesia, 
placed i in both femoral veins for drug admin- 
blood sampling. A catheter was placed by way 
rtery i in the central aorta and a second catheter 
ted in the opposite femoral artery for blood pressure 
„An endotracheal tube was placed and ventila- 
ir) was controlled by a Harvard respirator. Acute 
myocardial wall infarction was produced utilizing the 
mbolization technique of Cohen and Eldh® as modified 
et et al." Details of this technique were previously de- 
; ed. à 
double. infusion technique for lidocaine administration 
as utilized in this experiment in order to obtain steady state 
rels rapidly.® An infusion of 250 ug/kg per min of lidocaine 
inistered for 15 minutes was followed by a constant 
sion of 35 ug/kg per min for 2 hours. Steady state levels 
/e confirmed i in eight dogs by measurement of blood levels 
it various times during the last hour of infusion. 
_ In seven dogs (Group 1), lidocaine was administered by the 
lc ible-infusion technique during the first 2 hours after 
nyocardial infarction. Ten minutes before the end of the 
nfusion a lateral thoracotomy was performed. A cannula was 
ed in the left atrial appendage for the injection of radio- 
active microspheres necessary for measurement of regional 








cH 


LIDOCAINE CONCENTRATION (ug/g) 


<0.2 0.2-0.4 


caf 15 B mi/fin e over amie age ay eile a Harvard with. 









drawal pump. Thirty cc of blood was obtained and divided - 
into 10 aliquots (3 cc each) for counting. Details of this tech- — 
nique for regional blood flow determination were previously 
reported.?.19 The dogs were then killed immediately after 
ending the lidocaine infusion and the hearts removed. 

Six dogs (Group II) were allowed to recover for 24 hours — 
after the infarction without acute administration of either 
microspheres or lidocaine. The dogs with 24 hour old infarcts : 
then were reanesthetized and lidocaine was administered for 
2 hours in the same doses used in the animals studied 2 hours . 
after infarction. At the end of the infusion period a left atrial 
line was inserted for immediate injection of microspheres for. 
determination of regional myocardial blood flow. Thus re- 
gional lidocaine and regional myocardial blood flow were si- — 
multaneously measured in this study group approximately 
24 hours after creation of the infarct. 

Myocardial tissue samples: After removal of the heart, 
approximately 12 samples were obtained from the infarct 
zone. All myocardial samples were divided equally, respre- 
senting endocardial and epicardial halves (average weight 1 
g). Samples were blotted to remove residual blood and placed 
in 4 ml of sodium hydroxide per gram of tissue (for subsequent 
homogenization) and the radioactivity was measured with an 
automated gamma counter (Beckman 8000 gamma counter, 
Irvine, California). After gamma counting for microspheres, 
the tissue was homogenized using an ultrasonic cell disrupter 
(model WD-225 R Heat Systems, Ultrasonics, Ine., Plainview, 
New York), and the sample was frozen until analyzed subse- 
quently by gas chromatography. 

Lidocaine determination: Lidocaine was determined by 
the gas chromatographic technique of Benowitz and Row- 
land.!! Details of this technique as employed in our laboratory 
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ndards to th 


ne every day in cardiac tissue or 
both, thus allowing for compensation for any in- 
ecovery. Standard curves were linear from 0.2 to 
al. The coefficient of variability was less than 10 per- 
r plasma and tissue. Samples from myocardium and 
of control dogs not receiving lidocaine were obtained. 
iat could interfere with lidocaine or the internal 
'ere seen in these samples. 
gional myocardial blood flow: Absolute regional 
yocardial blood flow was calculated by the following for- 
ila: QM = QA X Cm/Ca, where QM = regional myocardial 
lood flow in ml/min per g of fresh tissue, QA = rate of arterial 
‘withdrawal in ml/min, Cm - radioactivity in counts per 
minute (cpm) per g of fresh myocardium and CA = total cpm 
recovered in the arterial withdrawal reference sample. 
= Data analysis: Tissue lidocaine concentrations are ex- 
(^. pressed in ug/g of tissue. Regional myocardial blood flow is 
. > expressed in ml/min per g of tissue. Data are expressed as the 
|; mean + standard error of the mean. Analysis of variance and 
Student's t test were used to estimate differences between 
groups. A probability value of 0.05 or less was considered 
‘significant.!2 





























Results 


. Normal versus ischemic myocardial concentra- 
- - tions: No reduction was found in lidocaine tissue con- 
.. centration as a result of regional myocardial blood flow 

. in the 2 hour model. Thus lidocaine distributes in all 
zones of normal and ischemic myocardium (Fig. 1). 
< -Lidocaine tissue concentrations of 2.6 + 0.19 ug/g were 
.. found in normal blood flow zones (regional myocardial 
blood flow greater than 0.8 ml/min per g) which were 
< significantly different than tissue concentrations of 4.01 
. + 0.42 ug/g (p <0.01) found in the lowest flow zones 
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al standards e homogenates - 
any recovery lost. In addition, © 
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wer concent 
ood flow z 
cardial blood flow less than 0.4 ml/m 
flow zones, lidocaine concentration a 
Hg/g, which was significantly less t 
normal blood flow zones (3.38 + 0.21 
(Fig. 2). In addition, at comparable 
concentration of lidocaine found in low 
in the 24 hour group was significant]; 
observed in the 2 hour group. In regio 
blood flow zones of less than 0.2 ml/min 
tissue levels were 1.76 + 0.21 ug/g for the 24 
and 4.01 + 0.42 ug/g for the 2 hour group 
Similarly, for regional myocardial blood flo 
0.2 to 0.4 ml/min the 24 hour group showed lc 
centrations of lidocaine: 2.20 + 0.18 versus 3. 
ug/g (p «0.02). Blood levels in the therapeutic ra 
+ 0.4 ug/ml) were found at the termination of t. 
periment in all animals so studied. — 00o 
Epicardial versus endocardial concentratioi 
The concentrations of lidocaine in epicardium and 
docardium were compared. No significant differen 
were found by analysis of the variance between lide 
concentrations in endocardium and epicardium i 
of the groups, other than those related to regi 
myocardial blood flow (Fig. 3 and 4). TIRES 





























































Discussion E 

Lidocaine distribution in ischemic myocardium 
The results of this study show that after consta 

infusion, lidocaine reaches ischemic and normal my 

cardium in therapeutic concentrations during exp 
mental myocardial infarction. No significant corr elati. 

was found between lidocaine tissue concentrations anc 
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öcardial. blood flow. This: was more dra- 
ybserved in the acute phase (2 hours) of 

farction where lidocaine selectively ac- 
igher conc ntrations in nisi br ischemic 
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l rhythmogenesis. Kupersmith et al.!6 pointed out the 
importance of studying the delivery of lidocaine for : 


Ron 


FIGURE 3. Tissue lidocaine concentration i in T is. com- g 
pared in endocardium and epicardium of dogs studied 2 hour: S 
after myocardial infarction as a function of regional myo- = 
cardial blood flow, as measured by the radioactive micro- 
sphere technique. The data are also clustered into five groups . 

| depending on regional myocardial blood flow. in the tissue — 
sample. Statistical analysis was made by comparing: tido- 
caine concentration in each flow group versus the- control 
concentration of lidocaine in regional myocardial. blood flow- 
areas greater than 0.8 ml/min per g. Note that no significant... 
differences were found in lidocaine concentration in. endo- - 

cardium and epicardium when samples were analyzed cor- ; 
responding to each flow zone. 



















FIGURE 4, Tissue lidocaine concentration: in aie we 
compared in endocardium and epicardium of dogs studied — 
24 hours after myocardial infarction as a function of re- 
gional myocardial blood flow as measured by the | radio- 
active microsphere technique. Format as in. Figure 3 
Note a significant (p «0.0 1) parallel decline in lidocaine 
‘tissue concentration in both enc n and epicardit 
in the. ischemic. pogen tow less than 0. 4  mi/min. pe 
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erodes life-threatening RT 13-15. 5 The T " ne | 
pathophysiologic process also may result in inadequat eu 
delivery of antiarrhythmic agents to the zones of ar- 







better understanding the mechanisms of action. of lid 
ocaine, Wet have demonstrated t that lidocaine r re 













trations of lidocaine were seen in all zones. 
stant infusion versus bolus i injection of lido- 
x The present observations stand in contrast to 
'om our laboratory! concerning the kinetics of 
aine after a bolus injection given 24 hours after 
ocardial infarction. After the bolus injection, we 
erved a clear relation between tissue drug levels and 
gional myocardial blood flow for 3 minutes after ad- 
inistration. Thereafter, there was an equilibration of 
idocaine in all zones of myocardium that was influenced 
. by different patterns of washout in different flow zones. 
.. During constant infusion a continuous delivery of drug 
ds obtained in the target tissues and entrapment of the 
iu drug i in severely ischemic myocardium may occur. This 
was seen at 2 hours after myocardial infarction where 
- : higher lidocaine tissue concentrations were observed in 
severely hypoperfused low blood flow zones. At 24 hours 
-after myocardial infarction lidocaine accumulated in 
... concentrations of 30 to 40 percent of normal in the most 
|. ischemic tissue («0.2 ml/min). À similar observation 
|. was reported by Wenger et al.,? who studied the distri- 
bution of procainamide given by constant infusion in 
. an acute model of myocardial infarction. They noted 
_ that procainamide accumulates in ischemic myocar- 
. dium disproportionately to regional myocardial blood 
.. flow. Thus they found procainamide in concentrations 
~ Of 40 percent of normal tissue in areas where the re- 
-gional myocardial blood flow was less than 0.10 ml/ 
min/g. 

— .. Drug distribution at 2 versus 24 hours after in- 
| farction: Significant differences in regional lidocaine 
. concentrations were found at 2 and 24 hours after 
- myocardial infarction. Several explanations for this 
. observation can be offered. Changes in regional blood 
<< flow have been described during the first few minutes 
of infarction.!? These changes in flow may affect the 
. relation between lidocaine tissue concentration and 
. regional myocardial blood flow. However, blood flow 
remains stable after the first hour of myocardial in- 
-.. farction and it is unlikely to contribute to the differences 
in distribution of lidocaine observed at 2 versus 24 
< hours.!®8 Furthermore, our tissue lidocaine data were 

compared at comparable regional flows determined 
mmediately before the animal was killed. More plau- 
ible explanations of the data involve regional metabolic 
nd physicochemical changes in ischemic tissue. The 
hysicochemical properties of myocardium have been 
own to change with time after infarction. Changes in 
al pH, both intracellular and extracellular, have been 
described with ischemia.!? Lidocaine's cellular entry is 
pE -dependent. 20-22 Thus the intracellular acidification 
hat occurs during ischemia may result in an inereased 
ransfer of lidocaine into the cell. Once intracellularly, 
ocaine may become protonated and its exit dimin- 
Vith time, the buffering mechanism of the cell 

irn pH toward normal, and pH-dependent 
may n no o longe 1 










































oncént M 76 ug g/é. Furthermore, i in 
phase of myocardial infarction, significant | 
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eased uring ischemia also d 






of oie nen nite may vida sub 
during the early hours of ischemia wh 
greater penetration of molecules such as | 
interior of the cell and thus promote their 
in ischemic myocardium.?? This intracellul: 
pacity of lidocaine can be lost at 24 hours 
is in the process of necrosis. However, in tim 
cell may recover and the capacity to cor 
caine may recover concomitantly. Differe 
tissue metabolism of lidocaine may also acco 
differences in lidocaine tissue concentration in t 
groups of dogs. ^ 

The difference in lidocaine accumulation: in 
immediate period of myocardial infarction an 
later phase (24 hours) is important because it suggest 
that the age of the infarct may be an important de 
terminant of drug uptake. This temporal sequen 
drug entrapment in lowest flow infarct zones may 
plain in part clinical situations in which ventricular ir 
ritability i in the earliest hours of infarction initially 
responsive to lidocaine infusion, but subsequently be 
comes resistant, necessitating additional forms 
therapy. These data may also be relevant to the clinic 
situation of lidocaine prophylaxis in the earliest hour 
of infarction. However, our model currently does ne 
allow discrimination among the various factors that ma 
be involved in lidocaine accumulation during 
ischemia. 

Regional lidocaine distribution: No difference 
were found in this study between lidocaine accumula- , 
tion is the endocardium and epicardium in any of the | 
two models. This in an important observation in view | 
of the electrophysiologic observations indicating tha 
arrhythmias can originate in subepicardial and suben 
docardial areas of ischemic myocardium and the site o 
arrhythmogenesis also can vary with time after infa 
tion. Furthermore, lidocaine is present in concentration 
equivalent to those that are effective in plasma in sub 
endocardium and subepicardium in the early (2 h 
and late (24 hour) phases of myocardial infarction 

Implications: Our results show that, when lidoca 
is administered by constant infusion in doses 
clinically, it distributes in normal and ischemi 
cardium, reaching concentrations that are equi 
to therapeutic plasma concentrations, even in the 
blood flow zones. A different pattern of accumula 
was seen at 2 hours pane 24 hours t the clin : 















































































infarction. In addition: factors other than of my 
kinetics may be responsible for the resistance 
rhythmias to treatment with lidocaine. 
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who can't accept 


CRITIKON Thermodilution Catheters ` 
deliver high accuracy pressure — ^ 
waveform transmission with P^ o o 
special tip construction. 


When you need intracardiac pressure readings, 
you want an accurate monitoring system— 
because your diagnosis cannot be 
more reliable than the data it is based on. 

Thanks to the special tip design of the 
Critikon Thermodilution Catheter, the open- 
ing at the tip is the same size as the cathete 
lumen. That means pressure waveforms 
are transmitted with minimal distortion 
since there are no restrictions at the tip 
opening. The high resonant frequency, 25 
Hz, of the Critikon Thermodilution Catheter 
ensures the faithful transmission of hemo- 
dynamic data. 

See how the Critikon Thermodilution 
Catheter can deliver improved intracardiac 
pressure readings in your hospital. Ask 
your Critikon Representative for more intor- 
mation, or call us at 800-237-754] 

(FL: 800-282-9151). 


| CRITIKON | 


\ 


The Critical Care Company 





: Take out the garbage, Ralph— 
; and don't forget 
- to take your liquid K! 
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Slow-K—first in [D 
physician and patient _ 
acceptance E 
“This compound [Slow-K] 
is effective, convenient, well - 
tolerated...and also appears to - 
have greater patient accept- __ 
ability than comparable doses 
of liquid potassium chloride - 


256i 


compounds. 


Citrate/bicarbonate or 
< gluconate effervescent tab- 
ets and liquids such as 
<-Lyte® and Kaon® elixir 
lack the essential chloride 

to correct diuretic-induced 


| hypochloremic alkalosis. 


Easy on the budget 


Unrivaled clinical A day's iherapy aver 
experience ages only 25e.' 
No other tablet can 
claim over 7 years' U.S. 
clinical experience in over . . —— us 
5 million patients.* 5low-release potassium chloride preparations. 
should be reserved for patients who cannot tol 
ate, refuse to take or have compliance probler 
with liquid or effervescent potassium preparatior 
because of reports of intestinal and gastric ulcer- 
ation and bleeding with slow-release KC] ` 
preparations. | 
* Data on file, CIBA Pharmaceutical Company. 


t Average cost per day based on Pharmaceuti- 
cal Data Services audit: 













TS OF INTESTINAL AND GASTRIC ULCERATION 

4 SLC EASE POTASSIUM CHLORIDE PREPA- 
GS SHOULD 3 THOSE PA- 
NOT TOLERATE OR 
SSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
LEM OF COMPLIANCE WITH THESE PREPARATIONS. 
in patients with hypokalemia with or without metabolic 
yis intoxication and in patients with hypokalemic familial 






















of potassium depletion when the dietary intake of po- 
uate in the following conditions: Patients receiving digitalis 
or congestive sear’ failure; hepatic cirrhosis with ascites: 
aldosterone excess with normal renal function; potassium-losing 
thy. and certain diariheal states. 


ONTRAINDICATIONS 
tients with hyperkalemia: since a further increase in serum potassium 
centration in such patients can produce cardiac arrest. Hyperkalemia 
ay complicate any of the fecowing conditions: chronic renal failure, sys- 
Q1emic acidosis such as diabetic acidosis, acute dehydration, extensive 
issue breakdown as in severe Sums, adrenal insufficiency, or the administra- 
ion of a potassium-sparing diuretic (eg, spironolactone, triamterene). 
x-matrix potassium chloride preparations have produced esophagea! 
eration in certain cardiac patients with esophageal compression due to 
enlarged teft atrium. 
All solid dosage forms of potassium supplements are contraindicated in any 
atient in whom there is cause for arrest or delay in tablet passage through 
ne G. tract. In these instances, potassium supplementation should be with 
a liquid preparation. 
WARNINGS 
‘Hyperkalemia: in patients with impaired mechanisms for excreting po- 
tassium, administration of potassium salts can produce hyperkalemia and 
ardiac arrest. This occurs most commonly in patients given potassium 
Antravenousiy buf may also occur when given orally, Potentially fatal hyper 
alemia can develop p and be asymptomatic. Use of potassium salts in 
atients with chronic renal disease, or any other condition which impairs 
Otassium excretion, requires particularly careful monitoring of the serum 
potassium concentration anc appropriate Cosage adjustment. 
nteraction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a po- 
assium-sparing diuretic (eg. spircnolactone or triamterene), since the simul- 
aneous administration of these agents can produce severe hyperkalemia. 
astroóintestinal lesions: Potassium chloride tablets have produced stenotic 
nd/or ulcerative lesions of t^e small bowel and deaths. These lesions are 
aused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
"obstruction, hemorrhage, or perforation. Stow-K is a wax-matrix tablet for- 
ulated to provide a controlled rate of release of potassium chloride and thus 
o minimize the possibility of a high local concentration of potassium ion near 
he bowel wall. While the reported frequency of smali-bowel lesions is much 
àss with wax-matrix tablets less than one per 100,000 patient-years) than 
ith enteric-coated potassium chloride tablets (40-50 per 100,000 patient- 
darsi cases associated with wax-matrix tablets have been reported both in 
oreign countries and in the United States. In addition, perhaps because the 
^wax-matrix preparations are not enteric-coated and release potassium in the 
tomach, there have been recorte of upper gastrointestinal bleeding asscci- 
ated with these products. The total number of gastrointestinal lesions re- 
fhains less than one per 100.000 patient-years. Slow-K shouid be 
discontinued immediately ard the possibility of bowel obstruction or perfora- 
ion considered if severe vomiting, abdominal! pain, distention, or gastroin- 
astinal bleeding occurs. 
Metabolic acidosis: Hypokatemia in patients with metabolic acidosis should 
je treated with an alkalinizing potassium salt such as potassium bicarbo- 
ate. potassium citrate, or potassium acetate. 
RECAUTIONS 
Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia 
tra patient with a clinical history suggesting some cause for potassium de- 
Hletion. in interpreting the serum potassium level, the physician should bear 
mind that acute alkalosis ser se can produce hypokalemia in the absence 
f a deficit in total body potassium, while acute acidosis per se can increase 
he serum potassium concentration into the normal range even in the pres- 
rice of a reduced total body potassium. Treatment of Poena depletion, 
riicularly. in. presence of cardiac disease, renal disease, or acidosis, 
aquires:careful attention tGacid-base balance and appropriate monitoring 
f serum electrolytes, electeocardiogram, and clinical status of patient. 
ADVERSE REACTIONS 
Mos mmoh to oral potassium salts: nausea, vomiting, abdominal discom- 
diarrhea. These symptoms are due to irritation of the gastrointestinal 
‘and are best managed by diluting the preparation further, taking the 
|! with meals, or reducing the dose. 
the most severe adverse effects is hyperkalemia (see Contraindica- 


























































































q of potassiurn from the total body store. 
justec to the individual needs of each patient but is 
3 of 20 MEG per day for prevention of hypokalemia 
ore for treatment of potassium depletion. 
tablets must be swallowed whole and never 
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FOPICSIN 
HYPERTENSION 


Edited by 
John H. Laragh, MD 


Master Professor of Medicine 
Director, The Cardiovascular 
Center Chief, Cardiology 
Division The New York 
Hospital- Cornell Medical Center 
644 pages. 36 chapters by 85 
internationally known spe- 
cialists. Hlustrated. Compre- 
hensively indexed. $49.00. 
Available on 30-day approval. 








High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice...and can apply. to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies. 


Laragh’s TOPICS IN HYPERTENSION places this kind 
of vital knowledge within instant reach of the physician. 
lt presents a carefully selected array of discussions. It 
deals in depth with recent breakthroughs in understand- 
ing, diagnosing, and treating this problem. 


This book is conveniently organized for effective consul- 
tation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


* Section 2 deals with new physiologic approaches to 
diagnosis. 


* Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 


* Section 4 considers in detail the more recentlv intro- 
duced modes of therapy. These new agents presage the 
beginning of a new era of more selective and specific 
therapy for increasing numbers of patients. 

C OE RL Ee S N E R O 


YORKE MEDICAL BOOKS 
Box C-757, Brooklyn, New York 11205 AJCI2 
Send me, on approval. |... copies of Laragh's TOPICS 


IN HYPERTENSION at $49.00. | will consult and read this new 
manual for 30 days, then remit only if | consider it a necessary 
addition to my library. Otherwise | will return it without further 
obligation. 


: : Send bill, plus shipping cost. 

|i Payment herewith. Publisher pays shipping. Same return 
privilege. 

.; Chargemy MasterCard Visa 
“ORO IND acc dean eio Co s . Exp.date, : 
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The unique dual-purpose 
pacing and intracardiac 
medication system 





“The most widely used instrumentation 
for transthoracic pacing is a sterile, one- 
time use, prepacked kit (Elecath).” 
Roberts, J.R., Greenberg, M.I.: 

Annals of Emergency Medicine. 
10:600-612. November, 1981. 


. “If the patient has total cardiac standstill, 


the likelihood of successfully passing a 
transvenous pacemaker (which is in part 
flow-directed) into the right ventricle is 
very small. In these cases, a transthoracic 
pacemaker should be inserted." 

p. 28 in The Practice of Cardiology ed. 

by Johnson, Haber, and Austen, Little, 
Brown & Co., 1980. 










The Transthoracic Pacing and 
Intracardiac Medication System 


Direct electrical stimulation and/or pharma- 
cological manipulation of the unresponsive 
myocardium is immediately available. 


The pacing stylet is pre-loaded for rapid and 
simple intraventricular placement. 


The sampling syringe is attached for 
immediate confirmation of placement 
and for blood sampling. 


Medication can be introduced easily and safely 
through the same instrument. 


The system is compatible with other major 
unit-dose intracardiac medication injection 
systems. 


Capture is virtually certain when the stylet is 
properly positioned. The cathode lies within the 
ventricle, and the anode in the myocardium or 
within the surrounding tissue. Therefore the 
stimulating current must travel through and be 
conducted by the myocardium. 


X INNOVATIVE CARDIOVASCULAR 
ELECATH TECHNOLOGY 


2100 FELVER COURT, RAHWAY, NEW JERSEY 07065 U.S.A. 04-0800 
Complete family of precision cardiac catheters and instrumentation for temporary pacing and 
hemodynamic monitoring. 


For the name of your nearest distributor. call: (800) 526-4243 In N.J. (201) 382-5600 TELEX: 138171 


AVAILABLE ON REQUEST ... EMERGENCY TRANSTHORACIC PACING WALL CHART 





We are cont 
carbon Is n 
than platint 








1. The surface structure of the vitreous 
carbon tip. (Enlarged 35 times.) The thin 
fibrotic capsule formed by a carbon tip. 

2. The 412S with tines for secure ancho- 
rage inthe right auricle or in the ventricle. 





CAUTION: 


Refer to Physicians Product Manual for proper 
implantation procedures and possible complications. 
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The Siemens-Elema carbon tip pacing leads utilize the 
unique properties of vitreous carbon. 


We are the sole manufacturer of this material which, 
thanks to minor tissue reaction, gives significantly low 
polarization voltages. 


Clinical experiences have shown low chronic thres- 
holds, which normally allow a reduction of the stimula- 
tion pulse energy from the programmable pacer. 

Please write, or ask your Siemens-Elema Pacemaker 
Representative for literature. 


WE WERE THE FIRST. WE STILL ARE. 


SIEMENS-ELEMA 


U.S. Division: Siemens-Elema Pacemaker Systems, 1765 Commerce Drive, 
Elk Grove Village, Illinois 60007. Tel. (312) 981-4910 (800) 323-0619. 
Headquarters: Pacemaker Division, S-17195 Solna, Sweden. 
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A price 
IT’S WHERE CARDIAC IMAGING IS GOING. 


DINSONICS/OEC 
A REVOLUTION IN CARDIAC 











DIGITAL ANGIOGRAPHY 
completely integrated system —AngioVue: 


The First Stand-Alone System for 


Intravenous Ventriculography 

Only DIASONICS/OEC could do it! By integrating the OEC 9-inch 
C-Arm with DIASONICS DA-100™ Digital Angiographic Imaging System 
an exciting new cardiac imaging system has been developed. AngioVue! 
The first stand-alone system for intravenous digital ventriculography. 
With AngioVue you may now perform digital subtraction studies in 
or out of the cath lab. A powerful, efficient approach to the expanding 
new field of digital angiography. 


High Resolution Digital Imaging 
with Maximum C-Arm Mobility: 

The AngioVue's unique system architecture has been designed 
specifically for cardiac applications. It provides outpatient ventriculog- 
raphy capability with better image resolution than nuclear cardiology. 
Because it’s a stand-alone, mobile system, AngioVue is ideal for bedside 
imaging in the CCU/ICU. And its high-contrast resolution is the key 
to its use in PTCA, streptokinase infusion and vascular imaging. 

With the AngioVue system, images are presented in real time for 
faster, more precise diagnoses. It gives you C-Arm positioning capability 
and a wider field of view with a 9-inch image intensifier. And the 
AngioVue system can also be interfaced to a second X-ray system 
(cath lab, X-ray room). 


AngioVue: Leading the Way in 
Digital Angiography: 
[ Totally digital image storage/processing for improved resolution 
[] Maximum C-Arm versatility for ease of patient positioning 
C Complete real-time imaging and quantitative analysis including: 
e Volumetric Determinations 
e Ejection Fraction 
e Regional Wall Motion Analysis 
e Functional Imaging 
O Dual room interface with any cath lab equipment 
O Standard fluoro capability for pacemakers and catheter placement 


DIBSONICSAS.OEC 








DIASONICS, INC. Consult a Diasonics Professional 

1545 Barber Lane, Milpitas, CA 95035 In addition to the DIASONICS/OEC AngioVue system, Diasonics also 
(408) 946-9001 offers the DA-100 Digital Angiographic Imaging System. The DA-100 
(800) 538-7021 (USA except California) adds on to cardiac cath labs for the full range of cardiac studies. 
(800) 662-6293 (In California) For a complete review of our digital angiography products, 


consult a Diasonics professional in your area today. 


A NEW AGE * 
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(N IFE.DIPIN D Capsules 10 mg 


PROCARDIA is the beginning of a new age 
in the treatment of angina: 


The Calcium Age. 


It is now known that calcium ions, working at the 
cellular level, regulate the degree of vasoconstriction 
and, thereby, play a critical role in the anginal attack 


PROCARDIA acts at the cell membrane to selectively 
block calcium access to the contractile process in the 
arterial cell. 


Through this action, PROCARDIA manages: 

—vasospastic angina, by preventing coro- 
nary artery spasm and increasing myocardial O, 
supply 

—classical effort-associated angina, by dilating 
peripheral arteries to reduce afterload and 
myocardial O, demand 

—mixed angina, which involves elements of 
vasospastic and effort-associated angina 


Like beta blockers, PROCARDIA reduces myocardial O, 
demand. But, unlike these agents, PROCARDIA also 
increases myocardial O, supply to both normal and 
poststenotic areas! of the myocardium by preventing 





PROCARDIA 


(NIFEDIPINE) ^^" ^"? 





PROVEN 
EFFECTIVE 
ACROSS THE 
SPECTRUM 
OF ANGINA 


Contemporary medical opinion holds 
that the pathophysiology of angina 

is a spectrum ranging from pure, fixed 
atherosclerotic lesion to pure coronary 
artery spasm. Many patients, however, 
are believed to have a combination 

of both lesion and spasm.?? 


Angina due to pure fixed lesion can be 
prevented by reducing oxygen 
demand. Angina due to coronary 
artery spasm can be treated by 
preventing the spasm itself, thereby 
increasing oxygen supply. With this 
new understanding of angina, optimal 
antianginal therapy should provide 
this dual action: increasing O, supply 
while reducing O, demand. 


Please see PROCARDIA Brief Summary on last page. 


In effort angina" 
(when symptomatic despite conventional therapy) 





PROCARDIA produced 
a significant increase in 
exercise tolerance^ _ 


MET achieved at onset of angina 
(Mean % change from baseline) 





Double-blind, placebo-controlled, crossover 20 -week study 
of 32 patients (27 evaluated for attack rate; 19 for exercise 
tolerance). Mear PROCARDIA dosage: 51 mg/day. 


*In chronic stable angina (effort-associated angina) PROCARDIA 
has been effective in controlled trials of up to eight weeks 
duration in reducing angina frequency and increasing exercise - 
tolerance, but corfirmation of sustained effectiveness and 
evaluation of long-term safety in these patients are incomplete. 


In vasospastic angina 


attacks 
eliminated 


63% 





Prompt, sustained decrease in attack frequency® 


N 
O 


PROCARDIA started 


HP 
Oo 


Attacks Per Week (mean) 
co o 





—2 0 2 4 6 8 10 
Months 


Long-term, open study of 127 patients unresponsive to beta 
-blockers and/or nitrates with symptoms of myocardial 
ischemia and demonstrated coronary artery spasm. 
PROCARDIA dosage: 40 to 160 mg/day. 


In mixed angina (fixed lesion and spasm) 















PROCARDIA reduced 
attack rate® 
Mean number of attacks per week 


18.6 


baseline 
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PROCARDIA 


PROCARDIA reduced 
nitroglycerin use$ 
Mean number of tablets per week 


25.7 


baseline 


reduction 
P <0.00005 










8.1 


_PROCARDIA 


reduction 





| | P «0.00005 
Studies of patients with mixed angina characterized by pain at 
rest and effort. Most patients (8996) were initiated on nitrate 
and/or beta blocker therapy but remained symptomatic. 
Minimum duration of nifedipine treatment two months. 
Nifedipine dosage: 30 to 120 mg/day. 


PROCARDIA 


THE FIRST ORAL CALCIUM CHANNEL BLOCKER 


THE FIRST ORAL 
CALCIUM CHANNEL 
BLOCKER 
MANAGEMENT OF 
ANGINA 
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Proven effective when used alone. 








Enhanced effectiveness when combined 
with beta blockers. 

Convenient dosing 

à capsule 

è t.i.d 

 Titrate to: l0-mg 

s capsules 

i tid. 

‘Titrate to: 10-mg 

dE capsules 





! tid 


For most patients, titrate over 7 to M days, using the patient's blood 
“pressure response, attack frequency sublingual nitroglycerin intake 
"and activity level as a guide. Titration may be more rapid (e.g., 3 days) if 
- symptoms warrant and the patient is observed closely Maximum dose: 
-.180 mg/day 
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PROCARDIA* CAPSULES For Oral Use 
nifedipine) 

RIEF SUMMARY 
INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA earn bag is 
indicated for the management of vasospastic angina confirmed by any of the follow! 
criteria: 1) classical pattern of angina at rest accompanied by ST segment elevation, 
2) angina or coronary artery spasm provoked by ergonovine, or 3) T 
demonstrated coronary artery spasm. In those patients who have ha rat gg 
the presence of significant fixed obstructive disease is not incompatible the 
diagnosis of vasospastic angina, provided that the above criteria are satisfied. 
PROCARDIA may also be used where the clinical presentation suggests a possible 
vasospastic component but where vasospasm has not been confirmed, e.g., where 
pain has a variable threshold on exertion or in unstable angina where electrocardi- 
ographic findings are compatible with intermittent vasospasm, or when angina is 
refractory to nitrates and/or adequate doses of beta blockers. 

Il. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA 
is indicated for tie management of chronic stable angina (effort-associated angina) 
without evidence of vasospasm in patients who remain symptomatic despite ade- 
quate doses of 5eta blockers and/or organic nitrates or who cannot tolerate those 
agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective 
in controlled trials of up to eight weeks duration in reducing angina frequency and 
Ford exercise telerance, but confirmation of sustained effectiveness and eval- 
uation of long-term sefety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of 

PROCARDIA and beta-blocking agents may be beneficial in patients with chronic 
stable angina, but available information is not sufficient to predict with confidence the 
effects of concurrent treatment, especially in patients with compromised left ventric- 
ular function or cardiac conduction abnormalities. When introducing such concomitant 
therapy, care must be taken to monitor blood pressure closely since severe hypoten- 
sion can occur from the combined effects of the drugs. (See Warni S 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 
WARNINGS: Excessive : Although in most patients, the hypotensive 
effect of PROCARDIA is modest and well tolerated, occasional patients have had 
excessive and poorlytolerated hypotension. These responses have usually occurred 
during initial titration or at the time of subsequent ——— dosage adjustment, and 
may be more likaly in patients on concomitant beta ers. 
Increased Angina/Beta Blocker Withdrawal: Occasional patients have developed 
well documented increased frequency, duration or severity of angina on starting 
PROCARDIA or at the time of dosage increases. The mechanism of this response is 
not established but could result from decreased coronary perfusion associated with 
decreased diastolic pressure with increased heart rate, or from increased demand 
resulting from increased heart rate alone. 

Patients recently withdrawn from beta blockers may develop a withdrawal syn- 
drome with increased angina, probably related to increased sensitivity to catechol- 
amines. Initiation of PROCARDIA treatment will not prevent this occurrence and 
might be expected tovexacerbate it by provoking reflex catecholamine release. There 
have been occasional reports of increased angina in a setting of beta blocker with- 
drawal and PROCARDIA initiation. It is important to taper beta blockers if possible, 
rather than stopoing them abruptly before beginning PROCARDIA. 

Co ive Heart Failure: Rarely, patients usually receiving a beta blocker have 
deve hear failure after beginning PROCARDIA. Patients with tight aortic ste- 
nosis may be at greater risk for such an event. 

PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases periph- 
eral vascular resistance, careful monitoring of blood pressure during the initial admin- 
istration and titration of PROCARDIA is suggested. Close observation is especially 
recommended for patients already taking medications that are known to lower blood 
pressure. (See Heidi, 

Peripheral edema: to moderate peripheral edema, typically associated with 
arterial vasodilation and not due to left ventricular dysfunction, occurs in about one in 
ten patients treated with PROCARDIA. This edema occurs primarily in the lower 
extremities and usually responds to diuretic therapy. With patients whose angina is 
complicated by congestive heart failure, care should be taken to differentiate this 
peripheral edema from the effects of increasing left ventricular dysfunction. 

"iv interactons: Beta-adrenergic blocking agents: (See Indications and Warn- 
ings.) Experience in over 1400 patients in a non-comparative clinical trial has shown 
that concomitart administration of PROCARDIA and beta-blocking agents is usually 
well tolerated, but there have been occasional literature reports suggesting that the 
combination may increase the likelihood of congestive heart failure, severe hypoten- 
sion or exacerbation of angina. 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, 
but there have been no controlled studies to evaluate the antianginal effectiveness of 
this combination. 


Aena M E. 

ADVERSÉ REACTIONS: The most common adverse events include dizziness or 
light-headedness, peripheral edema, nausea, weakness, headache and flushing 
each occurring n about 10% of patients, transient hypotension in about 5%, palpita- 
tion in about anc syncope in about 0.5%. Syncopal episodes did not recur with 
reduction in the dose of PROCARDIA or concomitant antianginal medication. Very 
rarely, introducton o! PROCARDIA therapy was associated with an increase in an- 
ginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable 
from the natura! histary of the disease in these patients. It remains possible, however, 
that some or many o! these events were drug related. Myocardial infarction occurred 
in about 4% of patients and congestive heart failure or pulmonary edema in about 
2%, Ventricular arrhythmias or conduction disturbances each occurred in fewer than 
0.5% of patients. 

Laboratory tests: Rare, mild to moderate, transient elevations of enzymes such 
as alkaline phosphatase, CPK, LDH, SGOT, and SGPT have been noted, and a 
single incident of significantly elevated transaminases and alkaline phosphatase was 
seen in a patient with a history of gall bladder disease after about eleven months of 
nifedipine therapy. The relationship to PROCARDIA therapy is uncertain. These lab- 
oratory abnormalities have rarely associated with clinical symptoms. 

HOW SUPPLIED: Each orange, soft gelatin PROCARDIA Capsule contains 10 mg 
of nifedipine. PROCARDIA ules are supplied in amber glass bottles of 1 
capsules (NDC 0069-2600-66). 

he capsules should be ected from light and moisture and stored at controlled 
room temperature 59° to 77°F (15° to 25°C) in the manufacturer's original container. 
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asurement of Infarct Size Using Single Photon Emission 
iputed Tomography and Technetium-99m Pyrophospha te 
(| Description of the Method and Comparison With © 
- Patient Prognosis 
































B LEONARD HOLMAN, MD The application of dual tracer transaxial emission computed iortigre > h / 
_ SAMUEL Z. GOLDHABER, MD of the heart was studied with use of technetium-99m pyrophosphate and 
CARL-MARTIN KIRSCH, MD technetium-99m-labeled red blood cells for measuring infarct size in 20 


JOSEPH F. POLAK, MD 
11 oibus ' atients with acute myocardial infarction and 10 hout arct « 
BRUCE J. FRIEDMAN, MD p eed without infarction. 


p Imaging was performed with a standard gamma camera and with a mul- 
INT AE pos RF tidetector transaxial emission computed tomographic body scanner 3 
Bo i hours after injection of technetium-99m pyrophosphate. Immediately after 
.. Boston, Massachusetts the scanning procedure, technetium-99m pertechnetate was injected to 


label red blood celis, and the scanning protocol was repeated. Techne- 
tium-99m pyrophosphate was detected in the anterior wall with involve 

ment of the interventricular septum or lateral wail in patients with elec- 
trocardiographic criteria for anterior infarction, whereas uptake was 
detected in the diaphragmatic left ventricular wall with involvement of 
the posterior, posteroseptal or posterolateral left ventricle or of the right 
ventricle in patients with electrocardiographic criteria for inferior | 
posterior infarction. Infarct size measured from transaxial images ranged 
from 14.0 to 117.0 g in weight. There was a direct relation between infarct 
size and patient prognosis in that, of the 13 patients with infarct greate 
than 40 g, 11 (85 percent) had complications, whereas only 2 (29 percent | 
of 7 patients with an infarct less than 40 g had FOU T MCA duri ing a 
follow-up period averaging 17.8 months (p <0.05). ue 





Infarct avid myocardial scintigraphy has emerged as a nonin as 
technique that aids in the detection, localization and quantifica 
de myocardial necrosis.!-* The ability to accurately detect, localize ai 

From the Departments of Radiology and Medicine, an infarct is currently limited by the constraints of sta 




















Peg [ordin bici E Mrs mensional imaging.? With the recent interest in active phar 1a 
a a (EPOD Dy a hatcnd E and surgical interventions aimed at limiting a recent myoca 
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ie coronary care unit with a history 
cardial infarction. Patients were 
xcept for those deemed too ill to be 
oronary care unit to the nuclear med- 
ithin the first 10 days of hospitalization; 
excluded from the study. We also excluded 
whom follow-up information was not available 
charge. 
ocardial infarction was diagnosed when at least 
e following four criteria were satisfied: (1) chest 
nsistent with myocardial ischemia lasting for more 
| hour, (2) elevation of total serum creatine kinase (CK) 
50 percent or more above the upper limit of the normal 
nge (150 IU/liter for women and 180 IU/liter for men) during 
ne first 3 days of hospitalization, (3) qualitative detection of 
e MB isoenzyme of CK by electrophoretic assay of the pa- 
tient’s serum, and (4) standard electrocardiographic criteria 
consistent with the diagnosis of acute myocardial infarction. 
he total CK was determined by the method of Rosalki. The 
approximate anatomic region of myocardial infarction was 
determined by the identification of electrocardiographic lead 
groups.!° 
‘Unstable angina was defined as: chest pain, ischemic in 
character, that was either of recent onset (less than 1 month) 
' that had increased in frequency, severity or duration in the 
month before admission, without enzymatic or electrocar- 
diographic evidence of infarction. 
* Complications from myocardial infarction were defined 
as: (1) cardiogenic shock— systolic blood pressure less than 
80 mm Hg persisting for more than 2 hours, oliguria (less than 
20 mi/h), clouding of consciousness, cool and clammy limbs, 
all in the absence of hypovolemia (left ventricular filling 
pressure exceeding 15 mm Hg); (2) ventricular tachycardia 
or ventricular fibrillation; (3) development of heart failure 
using the clinical classification described by Killip and Kim- 
ball?; (4) new acute myocardial infarction; (5) unstable angina; 
or (6) death. With use of chi-square analysis, potential pre- 
dictors of complications were compared with the number of 
atients who actually had complications in the hospital or 
ter discharge. The number of in-hospital complications was 
etermined by chart review. Follow-up data were obtained 
y a combination of chart review and contact with the pa- 
ient's primary physician. 
Evaluation of two dimensional infarct images: Scin- 
graphs of the chest were obtained 3 hours after the injection 
f 20 millicuries (mCi) (5 mg) of technetium-99m pyrophos- 
hate, using an Anger scintillation camera with a high reso- 
ion, low energy collimator and a pulse-height analyzer 
dow peak positioned symmetrically over the 140 keV 
topeak of technetium-99m. Scintigraphs were performed 
e anterior, left anterior oblique and left lateral projec- 
s, collecting 600,000 counts in each projection. The scin- 
ic images were obtained on Polaroid? film and were 
rpreted independently by three observers without prior 
ge of the clinical diagnosis. Routine chromatographic 
sis and animal distribution studies were performed in 
atch of technetium-99m pyrophosphate. Batches 
trating 3 percent or more free technetium-99m per- 
not. used for patient studies. 
ation by single photon emission computed to- 
hoto: issi 
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studied a total of 30 patients who 


ssion computed tomography 






ar field 


is then scanned. All 10 detectors scan half the total field of 
view. The entire ring of detectors is then rotated 18? (half the 
angular separation between detectors) and the same scan 


pattern is repeated, resulting in 20 projections, at 18^ inter- . 


vals, for the reconstruction of one transverse slice. The scan 
time is 5 minutes per slice. The method for image recon- 
struction has been described in detail elsewhere.!! 

Immediately after standard two dimensional imaging, the 
patients were transferred to the single photon emission to- 
mographic imaging device designed for body imaging. Imaging 
was performed with sequential slices taken at 1.9 cm intervals 
from the base to the apex of the heart. Approximately 5 
minutes was needed for imaging of each slice. At the end of the 
first tomographic imaging sequence, the patients were injected 
with 20 mCi of technetium-99m pertechnetate. Red blood cell 
labeling occurred because of the presence of stannous ion in 
the tin pyrophosphate complex. Blood pool tomograms were 
subsequently obtained without any change in patient posi- 
tioning and along the same tomographic slice planes as those 
used for technetium-99m pyrophosphate. 

For purposes of interpretation, the reconstructed images, 
both before and after blood pool labeling, were processed and 
interpreted with full display of the counts obtained after re- 
construction and with subtraction of 10 percent of the maxi- 
mal counts in each slice. The tomographic images were in- 
terpreted independently by three observers without knowl- 
edge of the patient's history, final diagnosis or original pyro- 
phosphate images. 

The weight of the myocardial infarction was measured by 
manually drawing a region of interest around the myocardial 
pyrophosphate uptake for each tomographic slice. The 
boundary was then defined as 65 percent of the maximal count 
within that region of interest as determined in the phantom 
volume experiment (see later). All pixels within the region of 
interest that were equal to or greater than 65 percent of the 
maximal count rate were incorporated into the infarct weight. 
'The total number of pixels in all slices demonstrating in- 
creased tracer uptake were then added together and multi- 
plied by a volume constant and the specific weight of muscle 
tissue (1.05). The volume constant was calculated from the 
pixel size (one pixel = 0.4 cm X 0.4 cm) within each slice 
multiplied by the distance between slices (1.9 cm). 


The background threshold was verified in a series of 


phantom experiments. À phantom of known volume (130 ml) 
and containing technetium-99m pertechnetate was mounted 
in a torso phantom filled with water and technetium-99m 
pertechnetate as a scattering medium and background source. 
Several scans were obtained varying the background from 10:1 
to 8:1 to 6:1. The 65 percent edge threshold resulted in a de- 


viation of —3.7 percent for 10:1, +6.6 percent for 8:1 and —4.8 _ 
percent for 6:1 background between the true and measured _ 


volume of the phantom. 


Results 


phie paiterne! in L group B (no infarction): 
computed tomography of technetium-99m 
sphate images obtained in the 10 subjects 

t enzymatic or electrocardiographic evidence of 
1yocardial infarction showed several patterns. 
atients had no visible radionuclide uptake in the 
eart (Fig. land 2). The other eight patients 
levels of uptake that matched the areas of 
ictivity as determined by the technetium- 
beled blood pool scintigrams. Of these eight 
five had faint blood pool activity that disap- 
eared with 10 percent background subtraction, two 


Ios skeletal activity but re maine 
background subtraction of 20. perc n 


mensional pyrophosphate scintig 
tients without infarction showed 


(less intense than in the ribs) in nine pati 


fuse uptake equal to that of the ribs 
Tomographic patterns in gri 

farction): The mean age (+ standar 
patients with acute myocardial infarctior 
years (range 48 to 82). T'here were 17t 
subendocardial infarctions. The primary | 
was inferior in 10 patients, anterior in 9 
I patient. No patient died during the ho 


The mean follow-up period was 17.8 - 


atients s had mild blood pool activity that disappeared (range 3 to 26). Three deaths occurred 3 3, 


Results of Special Studies in Patients With Acute Myocardial Infarction 


SPECT Evaluation . 


Complications 


Post- Follow-Up infarct Size 
Discharge (mo) (g) 


Anteroseptal Slow 75.6 
(transmural) junction 


In Hospital Location 


Ant, inf 99.9 

` {transmural} 

inferolateral 72.1 
(transmural) 

Anterolateral 101.8 
(transmural) 

Anterolateral 26.2 | 
(transmural) : 

inf 85.5 Total Post, ht, E 
(transmural) . CHF; 34.9 LV ay. 
ventricular | 

complexes 

Inf No 28.4 
(transmural) 

Inferolateral No 58.0 Total 
(transmural) 40.7 LV 

Lateral | No 36.7 
(subendocardial) | 

inferolateral VF 72.0 
(transmural) 

Anteroseptal — . No 59.3 
(transmural) n 

inf No 30.0 
(transmural) | 

Anterolateral No ic 44.0 
(transmural) 
Anteroseptal Class Ill, 117.0 
(transmural) CHF 

 Inferoposterior VTiVF 15. 0 
(transmural) T 

Inf No 17 i 46. 9 
(subendocardial) 

Inferolateral — = No 
(transmural) - | 
Ant | . No No 14.0 
 (Subendocardial) | : 

Died (CVA) | 53.7 — 


Acute MI Į "e 43.4 


Inf, ant VT 

(transmural) — | "on 
"EE miaroposenor we uw le MI No I & COMME 
rt ee ore EEE E | ua ee A d 40 


































FIGURE 1. Standard two dimensional technetium-99m-pyrophosphate 
image (anterior projection) with faint diffuse myocardial uptake in patient 
without acute myocardial infarction. Lines A, B and C represent the level 
of tomographic planes through the base, middle, and apex of the ven- 
tricles, respectively. 


months, respectively, after admission for myocardial 
nfarction. For the 17 patients still alive, the minimal 
riod of follow-up was 12 months. The deaths at 3 and 
months after admission were considered sudden car- 
diac deaths by the attending physicians. One additional 
patient died 13 months after admission, and the cause 
Of death was a stroke, without evidence of recurrent 
myocardial infarction. 

2 In all 20 patients with acute myocardial infarction, 
he tomographic images showed focal radionuclide 
ptake in the infareted wall. Nine had anterior wall 
uptake by emission computed tomography with in- 
volvement of the septum in six of these patients (Fig. 
'to 5 [left]) and involvement of the lateral wall, apex or 
inferior wall in four. There were nine patients with in- 


FIGURE 3. Standard two dimensional technetium-99m-pyrophosphate 
image (left anterior oblique projection) in patient with anteroseptal acute 
transmural myocardial infarct. Lines A, B and C represent the planes 
through which the transaxial temograms were obtained (A = base; B 
= mid ventricle; C = apex). 


ferior infarction; all had uptake involving the dia- 
phragmatic left ventricular wall with extension in seven 
patients to the posterior or posterolateral wall or pos- 
terior right ventricular wall, or both (Fig. 5 [right] to 7). 
One patient had lateral wall uptake only. Of the 20 pa- 
tients with infarction, 17 patients had abnormal two 
dimensional scintigrams with focal uptake, whereas the 
remaining 3 patients had diffuse uptake. 
Tomography of the blood pool was useful in all 10 
patients without infarction because the pyrophosphate 
uptake could be localized within the ventricular 
chambers by electronic superimposition of the images. 
In addition, in two patients with infarction and diffuse 
patterns by two dimensional images, the tomographic 
images localized the site of the infarction, again, by 


FIGURE 2. Transaxial tomography with techne- 
tium-99m-pyrophosphate (upper panels) and 
technetium-89m—red blood cells (lower panels) 
from the same patient as in Figure 1. In upper 
frame A, the upper arrow indicates the sternum . 
and thek lower arrow the. vehi in lower frame C, X 





FIGURE 4. Transaxial tomograms obtained with 
technetium-99m-pyrophosphate (upper panels) 
and technetium-99m-red blood cells (lower 
panels) in the same patient as in Figure 3. In upper 
frame B, arrow indicates technetium-99m-pyro- 
phosphate uptake in anterior wall extending to | 
septum. fe 


superimposition of the pyrophosphate and blood pool 
tomograms. In all cases, the tomographic findings pro- 
vided more detailed information regarding the anatomic 
extension of the infarctions. 

Infarct size estimation: Measuring the techne- 
tium-99m-pyrophosphate uptake on the tomographic 
images revealed an average infarct size of 54.5 g (range 
14.0 to 117.0). Average infarct size in patients with an- 
terior myocardial infarction was 68.9 g (range 14.0 to 
117.0). Infarct size in patients with inferior or lateral 
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EMISSION COMPUTED TOMOGRAPHY OF THE HEART—HOLMAN ET 
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myocardial infarction averaged 47.7 g (range 16.9 to 
85.8). The two patients with right ventricular pyro- 
phosphate uptake had infarcts of 34.9 and 40.7 g (left 


ventricle) and 50.9 and 17.3 g (right ventricle), respec- - * 


tively. 


Prognosis: The number of patients with complica- - 
tions during hospitalization and after discharge (13 of 


20) was compared with three potential predictors of 
prognosis: (1) age of 60 years or greater, (2) peak cre- 
atine kinase (CK) level greater than 1,000 IU/liter, and 
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FIGURE 5. Superimposition of technetium-99m-pyrophosphate image on technetium-99m-red blood pool image (plane B). Left, from the patient 
in Figures 3 and 4; right, from the patient in Figures 6 and 7. In the left panel the upper left arrow indicates the sternum, the upper right (curved) 
. arrow, technetium-99m-pyrophosphate uptake in left ventricular anterior wall and septum; the lower arrow, spine; left open arrow, right ventricular 
blood pool; right open arrow, left ventricular blood pool. In the right panel the upper arrow indicates the sternum; the lower arrow, spine; upper 


open arrow, right ventricular blood pool; lower open arrow, left ventricular blood pool; curved arrow, technetium-99m-pyrophosphate uptake 
limited to the posterolateral wall of the left ventricle. 








WEE e ` | Qo dana idit 
SS VENE - ` 


"274. 





— * - 


EMISSION COMPUTED TOMOGRAPHY OF THE HEART—HOLMAN ET AL. 





FIGURE 6. Standard two dimensional technetium-99m-pyrophosphate 
image (left anterior oblique projection) in patient with posterolateral 

_ myocardial uptake. Lines A, B and C represent the level of tomographic 
planes through the base, middle and apex of the ventricles, respec- 
tively. 


(3) weight of infarcted myocardium greater than 40 g 
as determined by SPECT scanning (Table II). Although 
patients with complications tended to be 60 years or 
over and to have peak CK values of more than 1,000 
IU/liter, these associations with prognosis were not 
significant. However, single photon emission computed 
tomography of infarct size of greater than 40 g of in- 
farcted myocardium did have a significant association 
with hospital and postdischarge complications. Of the 
13 patients with single photon emission computed to- 
mography showing more than 40 g of infarcted myo- 
cardium, 11 (85 percent) (6 anterior, 4 inferior and 1 
lateral myocardial infarction) had complications. 
However, of the seven patients with single photon 
emission computed tomography demonstrating less 
than 40 g of infarcted myocardium, only 2 (29 percent) 





had complications (chi-square = 6.28, p <0.05). Com- 
plications occurred in 9 of 10 patients with anterior in- 
farction and 4 of 10 patients with inferior or lateral in- 
farction. 


Discussion 


The diagnosis of acute myocardial infarction is usu- 
ally based on a history of prolonged chest discomfort, 
typical electrocardiographic changes and a rise in the 
serum level of creatine kinase activity, particularly its 
MB isoenzyme fraction; in some hospitals, the results 
of early two-dimensional radionuclide studies are also 
used to confirm a clinical diagnosis.* Unfortunately, in 
many patients the diagnosis remains unclear, either 
because some of these criteria are never manifest be- 
cause of left bundle branch block, or because the patient 
arrives at the hospital after the initial S-T segment 
abnormalities have disappeared and too late for the 
measurement of serum creatine kinase values to be di- 
agnostic. 

Role and limitations of two dimensional radio- 
nuclide studies in quantitating and localizing acute 
myocardial infarction: Infarct avid scintigraphy is 
helpful in the diagnosis and management of patients 
with suspected acute myocardial infarction, particularly 
when 2 days or more have elapsed between onset of 
symptoms and imaging, when right ventricular infarc- 
tion is suspected!? and when perioperative or postop- 
erative infarction is a consideration.!?:14^ Furthermore, 
the extent of tracer uptake is related to patient prog- 
nosis.!? 

Although two dimensional radionuclide studies using 
technetium-99m pyrophosphate can be used to indicate 
that myocardial infarction is present, they cannot be 
used in a quantitative fashion to evaluate the overall size 
and anatomic distribution of infarcted myocardium 


‘because of problems with edge definition and overlap- 


ping boundaries.!6!7 Whereas infarct size can be esti- 


FIGURE 7. Transaxial tomography with techne- 
tium-99m pyrophosphate (upper panels) and 
technetium-99m-red blood cells (lower panels) 
in the same patient as in Figure 6. In upper frame 
A, the upper arrow indicates the sternum and the 
lower arrow the vertebrae. In upper frame B, the 
arrow indicates the posterolateral left ventricular , 
uptake of technetium-99m pyrophosphate. In 
lower frame B the left arrow indicates the right 
ventricle and the right arrow the left ventricle. 


^ Age of 60 years 7 (78) 
or more No 6 (55) 





Peak CK > Yes 9 (75) 
1,000 IU/liter No 4 (50) 
SPECT » 40g Yes 11 (85) 
No 2 (29) 





. mated fairly accurately when it is anterior in location 
. sing standard two dimensional imaging, sizing is not 
possible with inferior infarcts unless transaxial to- 
|. mography is employed because the inferior wall is seen 
_ on edge in all standard projections. In our study, 40 
_ percent of patients with an inferior infarct had com- 
- plications. Furthermore, diffuse myocardial uptake is 
> often indistinguishable from persistent blood pool ac- 
X. tivity when two dimensional imaging is used.!8-2! Dif- 
^. fuse myocardial uptake has been reported in patients 
. with unstable angina pectoris," myocarditis”? and 
.. cardiomyopathy?4 as well as in patients with a pre- 
_ sumably normal heart. Attempts to measure infarct size 
_ with technetium-99m pyrophosphate using recon- 
.. struction techniques and either multiview planar images 
or limited angle tomography appear promising?926 al- 
- though results in human subjects have not yet been 
. reported. 
|». Advantages of transaxial tomographic imaging 
n versus standard scintigraphy: Because of these 
. problems with two dimensional scanning methods, we 
. sought to determine whether transaxial tomographic 
...maging of myocardial technetium-99m-pyrophosphate 
- uptake might provide better delineation between up- 
«|. take in the bones and the heart, improve the specificity 
. of the diffuse pattern of myocardial uptake, identify 
_ which anatomic regions of the left and right ventricles 
_ might be involved, measure the size of the infarct and 
provide prognostically useful information. 
_ Double tracer emission tomography appears to im- 
rove the specificity of the diffuse pattern. We found 
aint to moderate diffuse uptake on standard scintig- 
iphy in all patients without acute infarction. In all 
ases, the tomographic technetium-99m-pyrophosphate 
nages demonstrated uptake uniformly distributed over 
he left ventricular blood pool. Superimposition of the 
od pool i image on the technetium-99m-pyrophos- 
ate image permitted separation in all cases of the 
blood pool activity from the focal uptake seen in pa- 
tients with infarction. Focal activity was limited to the 
alls of the ventricles and was observed along the pe- 
hery of the blood pool of the ventricular cavities. In 
patients with infarction and diffuse uptake on 
1 1 scintigraphy, the uptake was focal when the 
hate and red blood cell tomogramss were sú- 












k= creatine kinase; NS = : not significant; p = probability; SPECT = single photon emission computed tomography. 
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In this study, all patients with acute infarction had 
focal myocardial pyrophosphate uptake on the 
transaxial tomograms. In anterior infarction, uptake 
involved the anterior wall with variable involvement of 
the septum and lateral wall. In patients with inferior 
infarction, uptake involved the inferior wall with vari 
able involvement either laterally or posteriorly, In the 
latter case, the uptake also involved the posterior sep- 
tum and right ventricle producing an “omega- like” 
appearance. 

The addition of the blood pool study was essential 
to accurately localize the pyrophosphate. uptake on 
emission tomography.?! The only landmarks present. 
on the technetium-99m-pyrophosphate images were the 
sternum, the vertebrae and, occasionally, the ribs- 
insufficient information to properly localize the myo- 
cardial uptake in patients with variable heart size and 
position. By performing the two studies sequentially 
without unnecessary patient movement—requiring 
about 40 minutes of imaging time—the blood pool and 
infarct-avid tomograms could be electronically super- 
imposed providing a single color-coded image for mares 
localization. à 

Determination of infarct size: The size and loostiot : 
of infarcted tissue has an important influence on patien 
morbidity and mortality, and perhaps more practicall 
on the type of therapy to be used, be it attempts a 
limiting infarct size, improving myocardial perfusior 
augmenting left ventricular performance or amelio 
rating signs of congestive heart failure. A number o 
techniques have been suggested to estimate the mag 
nitude of ischemic necrosis in patients with- 
myocardial infarction. Creatine kinase and MB creat 
kinase release curves have been suggested as us fu 
this regard, but their reliability depends on early Col 
with the patient and serial blood samples are requi 
for assay. 28,29 Precordial S-T segment and QRS com ple 
mapping may be helpful in assessing the efficacy of in 
terventions designed to reduce the size of anteric t. 
farcts, but these methods are not useful for mi 
infarct size.30-32 : 

Emission computed tomography with t 
99m pyrophosphate has a number o 
these other methods. The determinat 
kinase infarct size index requires freq 
pling and is dependent on the ex 
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whereas tom 

7 to 10 da 
puted tomography with technetium- 
rophosphate is an accurate way to measure the 
he acute myocardial infarct in the experimental 
sing both the rotating gamma camera and 
ultidetector systems, such as we used in this study.9" 
[t is difficult to confirm the accuracy of infarct size 
measurements using this technique in man for several 
reasons. There is no well established alternative meth- 


: odology with which to compare it. An autopsy series 


* 


would be skewed primarily toward larger anterior 
. myocardial infarctions. 

. Correlation of computed infarct size with prog- 
nosis: Because the ultimate aim of an infarct size 
marker is to provide a predictive index of patient com- 
_ plication rates so as to serve as an aid in the manage- 
- ment of the patient, we elected to correlate infarct size 
. as measured by emission tomography directly with 
- prognosis. We found that, when the patient population 
_ is divided into two groups based on emission tomogra- 
. phic measurements of infarct size, those with an infarct 
. greater than 40 g had a substantially higher complica- 
- tion rate than those with a smaller infarct. That this 
- difference reached statistical significance even in the 
relatively small patient population studied suggests that 
SPECT is able to accurately size the acute infarct, be- 
cause it is well known that infarct size plays a major role 
in determining patient outcome. We believe, never- 
theless, that the amount of scar tissue resulting from 
. previous myocardial infarction must be a significant 
additive factor. We did not try to classify patients into 
groups based on the presence of previous documented 


this diagnosis with certainty in the face of an evolving 
new infarct. The relative contribution of the previous 
infarct on patient prognosis can better be studied, in our 
opinion, by the addition of thallium-201 to the imaging 
regimen to enable delineation of the extent of the pre- 
‘vious infarct. 

The excellent correlation between infarct size 
veasured by tomography and patient prognosis lends 
ong credence to the hypothesis that organ and tissue 
es can be measured in man by transaxial emis- 
mography. Attenuation correction, a critical 
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infarction because of the great difficulty in establishing 
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human thorax as well. Volume concentration does re- 
quire that the tracer be distributed fairly uniformly 
through the target organ with a sharp concentration 
gradient between the target and background.” Tech- | 
netium-99m pyrophosphate may be particularly well 
suited for volume measurement of infarct size despite 
the poor correlation between the extent of necrosis and 
the intensity of technetium-99m pyrophosphate?* be- 
cause the tracer concentration is greatest in the pe- 
riphery of the infarct and because the concentration 
falls sharply at the border of the infarct. Volume 
measurements are facilitated because the edges of the 
infarct are sharply defined with high infarct to normal 
concentration ratios in these regions. Volume mea- 
surements may, in fact, be more difficult with tracers 
that accurately mirror the severity of tissue necrosis 
because the intensity of tracer concentration will fall 
gradually toward the periphery.* The target to back- 
ground concentration ratio will therefore be lower at the 
infarct border and delineation of the edge of the infarct 
may be more difficult. 

Analysis of infarct size using SPECT and techne- 
tium-99m pyrophosphate was carried out no earlier . 
than 72 hours after the onset of symptoms because the 
imaging system and coronary care unit were separated 
by too great a distance to permit safe patient trans- 
portation during that early time period. The usefulness 
of technetium-99m-pyrophosphate for infarct sizing 
during the early hours after onset of symptoms is 
questionable because peak infarct activity is achieved 
only after 36 to 48 hours. However, increased myocardial 
technetium-99m-pyrophosphate activity may become 
evident in trarismural infarction as early as 4 hours after 
infarction? The role of infarct sizing using this tracer 
during the early hours after infarct must therefore await 
further study. 

In conclusion, we have demonstrated that emission 
computed tomography can be performed with techne- 
tium-99m pyrophosphate in patients with acute myo- | 
cardial infarction. Focal uptake within the heart cor- - 


responds to the electrophysiologic location of the in- 
| farct. The size of the infarct as measured by tomography 
.is a predictor of patient outcome in that patients with 
larger infarcts have substantially more complications 


both in-hospital and after discharge. 


References 





fa 



















photon emission computed tomography. Circulation 1978; 58: 
7-32. 

Kirsch. C-M, Zimmerman RE, Hill TC, Kioner RA, Holman BL. 
Volume measurements using single photon emission computed 
omography. Eur J Nucl Med, in press. 

Rosalki SB. An improved procedure for serum creatine phos- 
dnase determination. J Lab Clin Med 1967;:69:696-705. 





ary care unit. Am J Cardiol 1967:20:457-64. 

addox DE, Wynne J, Uren R, et al. Regional ejection fraction: 
a quantitative radionuclide index of regional left ventricular per- 
formance. Circulation 1979:59: 1001-9. 

Kirsch C-M, Moore SC, Zimmerman RE, English RJ, Holman BL. 
haracteristics of a scanning, ring detector, single photon ECT body 
mager. J Nucl Med 198 1:22:726-31. 


| 12. Sharpe DN, Botvinick EH, Shames DM, et al. The noninvasive 
diagnosis of right ventricular infarction. Circulation 1978;57: 


.... 483-90. 


Righetti A, O'Rourke RA, Schelbert H, et al. Usefulness of pre- 
- -@perative and postoperative Tc-99m(Sn)-pyrophosphate scans 


in patients with ischemic and valvular heart disease. Am J Cardiol 


-—..1977:39:43-9. 


on 
v. WL. Technetium stannous pyrophosphate myocardial scintigrams 







15 


um 16. 
18. 
49. 


St Um 20. : 
|. interpretation of technetium-99m-pyrophosphate scintigraphy in 
-detection of acute myocardial infarction: clinical assessment of 

| ^.» diagnostic accuracy. Am J Cardiol 1977:39:341..6. 


Platt MR, Parkey RW, Willerson JT, Bonte FJ, Shapiro W, Lugg 


in the recognition of myocardial infarction in patients undergoing 
coronary artery revascularization. Ann Thorac Surg 1976;21: 
311-7. 


Holman BL, Chisholm RJ, Braunwald E. The prognostic implica- 


fons of acute myocardial infarct scintigraphy with 99"Tc-pyro- 
. * phosphate. Circulation 1978;57:320—6. 

, Henning H, Schelbert H, Righetti A, Ashburn WL, O'Rourke RA. 

(o0 Dual myocardial imaging with Tc-99m pyrophosphate and thal- 

- C 5 fium-201 for detecting, localizing and sizing acute myocardial in- 
-  farction. Am J Cardiol 1977;40:147-55. 

Siemers PT, Higgins CB, Schmidt W, Ashburn W, Hogan P. De- 

-o tection, quantitation and contrast enhancement of myocardial in- 

- ;farction utilizing computerized axial tomography: comparison with 


histochemical staining and 9?" Tc-oyrophosphate imaging. Invest 
Radiol 1978;13:103--9. 

Cowley MJ, Mantle JA, Rogers WJ, Russell RO Jr, Rackley CE, 
Logic JR. Use of blood-pool imaging in evaluation of diffuse activity 
patterns in technetium-99m-pyrophosphate myocardial scintig- 
raphy. J Nucl Med 1978:20:496-502. 

Massie BM, Botvinick EH, Werner JA, Chaterjee K, Parmley WW. 
Myocardial scintigraphy with technetium-99m stannous pyro- 
phosphate: an insensitive test for nontransmural myocardial in- 
farction. Am J Cardiol 1979:43:186-92. 

Berman DS, Amsterdam EA, Hines HH, et al. New approach to 


Pasquier P, Taradash MR, Botvinick EH, Shames DM, Parmley 
WW. The specificity of the diffuse pattern of cardiac uptake in 
myocardial infarction imaging with technetium-99m stannous py- 
rophosphate. Circulation 1977;55:61—6. 


. Abdulla AM, Canedo MI, Cortez B, McGinnis KD, Wilhelm SK. 





lip T, Kimball JT. Treatment of myocardial infarction in a cor- | 


23. 








26. 


2f. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 









myocardial scintigra 
Kadota K, Matsumor 













using Gompuar 4 processing amd 
Science 1977;197:167-9, 
Stokely EM, Tipton DM, Buja LM, et al. Que: stitation oti expe 
mental canine infarct size using multipinhol«- single-photon 
mography. J Nucl Med 1981;22:55.61, SEP 

Holman BL, Hill TC, Lovett RD, Shulkin P, Zimmerman: R 
Double-tracer, multiple-organ transaxial emission computed to- 
mography: improved localization and characterization. of. ra- 
diotracer distributions. Radiology 1980; 135: 435-8. 7 
























Shell WE, Kjekshus JK, Sobel BE. Quantitative a ascesament ntotthe 
extent of myocardial infarction in the conscious dog by means of 
analysis of serial changes in serum creatine phosphokinase ac- 
tivity. J Clin Invest 197 1;50,28 14-25. 

Maroko PR, Libby P, Covell JW, Sobel BE, Ross J dr, fichiniwald 7 
E. Precordial S-T segment elevation mapping: an atraumatic — 
method for assessing alterations in the extent of myocardial 
ischemic injury. The effects of pharmacologic. and hemodynamic — 
interventions. Am J Cardiol 1972;29:223-.30, ium 
Muller JE, Maroko PR, Braunwald E. Evaluation of precordial n 
electrocardiographic mapping as a means of assessing changes __ 
in myocardial ischemic injury. Circulation 1975;52:16—27. e 
Hillis LD, Askenazi J, Braunwald E, et al. Use of changes in the 
epicardial QRS complex to assess interventions which modify the 
extent of myocardial necrosis following coronary artery occiyeion EE 
Circulation 1976;54:59 1-8, E 
Vatner SF, Baig H, Manders WT, Maroko PR. Effects of corói % 
artery reperfusion on myocardial infarct size calculated. from 
creatine kinase. J Clin invest 1978;8;:1048—56. 
Botvinick EH, Shames D, Lappin H, Tyberg JV, Townsend 
Parmley WW. Noninvasive quantitation of myocardial infarction 
with  technetium-99m-pyrophosphate. Circulation 1975; 52: 
909-15. | 
Buja LM, Parkey RW, Stokely EM, Bonte FJ, Willerson JT. : 
Pathophysiology of technetium-99m stannous. pyrophosphate and 
thallium-201 scintigraphy of acute anterior myocardial infarcts 
dogs. J Clin Invest 1976;57: 1508-22: 2s 
Buja LM, Tofe AJ, Kulkaine PV, et al. Sites and mechar 
localization of technetium-99m phosphorous radiopk eutica 
in acute myocardial infarcts and other tissues. J Clin fav 
1970;60:724—40. LEY 
Holman BL, Lesch M, Alpert JS. Myocardial scintigrà iph y i 
technetium-99m-pyrophosphate during the early phase eot 
infarction. Am J Cardiol 1978;41:39—42. | 



















NGELA SCHNITTGER, MD 
.. PETER J. FITZGERALD, MSEE 
_ GEORGE T. DAUGHTERS, MS' 
NEIL B. INGELS, PhD* 
NIKE KANTROWITZ, MD 
4. ANNE SCHWARZKOPF, BA 
CAROL W. MEAD, BA” 


pt Stanford and Palo Aito, California 























‘Division, Stanford University 
ford, 





=~, 





-California and the 
rch, Foundation," Palo. 


© valvular hear! 


Measurement of left ventricular volume at end-diastole or end-systole with 
both two dimensional echocardiography and either cineangiography or 
radionuclide scans, not recorded simultaneously, has shown large 
echocardiographic underestimation of volumes even in normal ventricles. 
In this study fluoroscopic and two dimensional echocardiographic re- 
cordings were obtained in 18 patients with abnormal wall motion and 
previously implanted myocardial markers. The echocardiographic values 
for volume and those derived from myocardial markers correlated well 
(r — 0.87), and there were no statistically significant differences in values 
obtained with the two methods at end-diastole or end-systole. The ejection 
fractions obtained with two dimensional echocardiography (mean + 
standard deviation 46 + 7 percent) and with fluoroscopic recording of the 
markers (41 + 9 percent) did not differ statistically. 

These results were compared with those in another 18 patients (nine 
with abnormal wali motion) having two dimensional echocardiography 
within 24 hours of a 30° right anterior oblique contrast left ventriculogram. 
Again, two dimensional echocardiographic ventricular volume correlated 
well with the angiographic volume (r = 0.85), although echocardiographic 
end-diastolic volume was consistently 20 percent less than angiographic 
end-diastolic volume (p «0.01). Ejection fraction obtained with echo- 
cardiography (47 + 8 percent) was less than that obtained with angiog- 
raphy (60 + 7 percent) (p <0.001). Interobserver variability in calculating 
volume with echocardiography was 4 percent. 

Probable reasons for the lack of severe underestimation of volume with 
echocardiography even in very abnormal ventricles, relative to that 
demonstrated in prior reports, include improvements in ultrasonic beam 
width, tracing method, transducer position and scan plane orientation 
within the ventricle. In addition, the possible effects of angiographic dye 
in the ventricular trabeculae are discussed and the effect of simultaneous 
studies by two different methods are compared. 


Two dimensional echocardiography is an extremely accurate method | 
of measuring left ventricular volume in vitro! and is as accurate as other 

standard techniques (cineangiography and | radionuclide scans) in 
vitro.7-1? Several studies correlating left ventricular volumes obtained 
with two dimensional echocardiography with volumes obtained with 
these other techniques in vivo have demonstrated the difficulties in 
comparing any two indirect methods. Contrast angiography is usually. 
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absolute left ventricular end-diastolic and end-systolic 
volumes with two dimensional echocardiography was 
less satisfactory.!.!? Volume measurements obtained 
with this technique were substantially smaller than 
those obtained with contrast angiography.!!-1? There 
are several possible reasons for this discrepancy. First, 
in previous studies, two dimensional echocardiograms 
were not recorded simultaneously with angiograms and 
usually were performed 1 day apart. Second, methods 
for imaging the ventricle, tracing the echocardiographic 
image from the video screen and calculating volume 
have not been standardized. Third, defining the maxi- 
mal cross-sectional area of the left ventricle with echo- 
cardiography is not a simple or well standardized 
method. Fourth, two dimensional echocardiography 
probably images the cavitary surfaces of the trabeculae, 
whereas angiography may include the volume between 
trabeculae in the image. Fifth, during cineangiography 
the left ventricle may be acutely stressed by a bolus 
injection of 45 to 50 cc of contrast material. In this study 
we attempt to eliminate, minimize or understand the 
magnitude of these problems in order to optimize ven- 
tricular volume calculation with two dimensional 
echocardiography. 


Methods 
Patient Selection and Experimental Design 


Echographic-marker group: In 18 patients with surgi- 
cally implanted myocardial markers outlining the ventricle 
values for left ventricular volumes and ejection fraction pro- 
spectively obtained with two dimensional echocardiography 
were compared with values calculated from simultaneously 
recorded fluoroscopic images of the left ventricle.!5 Of these 
18 patients (15 men and 3 women aged 15 to 62 years), 12 had 
markers placed as a standard part of prior cardiac trans- 
plantation, the remaining 6 had them placed during coronary 
arterial bypass graft surgery, for the study of mid wall myo- 
cardial dynamics rather than for this study as such.!^ All had 
given informed consent. We took advantage of this pool of 
patients accumulated at Stanford University Hospital. All 
patients with a cardiac transplant had abnormal septal motion 
presumably secondary to cardiac surgery and all patients with 
coronary artery disease had various left ventricular wall mo- 
tion abnormalities. 

The method for permanent placement of small metal 
markers into the myocardium at the time of cardiac surgery, 
developed at Stanford University Medical Center,!^ involves 
implantation of seven tantalum coils in the mid wall of the 
myocardium. One marker is placed at the left ventricular apex 
and three markers each are placed along the anterolateral and 
inferomedial margins of the left ventricle in a pattern outlining 
the ventricular chamber as seen in a 30? right anterior oblique 
fluoroscopic projection. In addition, two tantalum clips are 
attached to the adventitia of the aorta, above the valve com- 
missures, to delineate the anterior and posterior aortic aspects 
as seen in the right anterior oblique projection. Because it is 
not possible to place the clips at the level of the aortic valve, 
they are placed approximately 3 cm above that position with 
compensation for this in all calculations. The area-length 
method is used to calculate ventricular volumes using the 
formula: Volume = 8A2/37L, where L is the length of the long 
axis (from the apical marker to the projected midpoint of the 
aortic valve) and A is the area calculated as the sum of the 
areas of seven triangles defined by the markers. The area of 
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each triangle is calculated using Heron's formula. Heron's 


formula for the area, K, of a given triangle with sides a, b and — 
cis: K = y S(S — a) (S — b) (S — c), where S = (a+ b +¢)/2.16 — 
A volume of myocardium is contained between the marker - 
silhouette and endocardium and so a value is subtracted from. 
the calculated marker volume. The value subtracted was de- 
rived during prior correlations of this marker method with — 
simultaneously obtained contrast left ventricular angio- 5 
grams.!6 3l 
All 18 patients in the echographic-marker group were p. 
studied in the cardiac catheterization laboratory. Each pa- 
tient was positioned on the fluoroscopy table in a 30° left - 
lateral decubitus position. If necessary for the optimal echo- — 
cardiographic picture, the patient was tilted further on his or E. 
her side. An electrocardiographic lead II and a phonocardio- - 
gram from the second left intercostal space were recorded and 
displayed on the ultrasonograph (Hewlett-Packard 17020 
phased array sector scanner, 2.25 megahertz transducer).!7 — 
We initially attempted to record two echocardiographic views: - 
an apical two chamber view (left ventricle and left atrium) and 
an apical four chamber view.!!:!8 The two chamber view p 
probably corresponds best to the 30? right anterior The | 
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projection used in fluoroscopy of the myocardial markers. The : 
echocardiographic transducer position necessary to obtain a 
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two chamber view forces the transducer to span the ribs _ 
obliquely, thus making an optimal image, including the apical — 
and basal myocardial echoes, difficult to obtain in many cases. 
In our set of patients, most of whom had cardiac transplan- F 
tation, the apex was displaced toward the axilla, and the two d 
chamber view often was judged inadequate for endocardial / 
definition in comparison with the four chamber view. We... 


could consistently obtain only four chamber views in our pa- 
tients. Images were accepted only if at least 75 percent of the © 
perimeter of the ventricular image was defined by contiguous _ 
endocardial echoes. When an optimal image was obtained, a 
recording was made on a video disc recorder. 

In an earlier pilot study we tried to rotate the fluoroscopic | 
U arm to create a 30° projection relative to whatever position 
the patient assumed for the echocardiographic recordings. 
Inaccurate estimation of this 30° angle of the fluoroscopic Ue 
arm relative to the patient prohibited us from using that - 
technique. Therefore the patient was placed in a supine po- 
sition and the fluoroscopic U arm rotated to create a 30? right — 
anterior oblique image of the heart. A video disc recording of - 
the markers was obtained within 3 to 5 minutes of the echo- 
cardiographic recording. Care was taken to obtain the two 
dimensional echocardiographic and fluoroscopic recordings 
during the same phase of the respiratory cycle. 

Echographic-angiographic group: Another group of 18 
patients (3 women and 15 men aged 16 to 73 years) was studied - 
for comparison of echocardiographic and contrast angio- © 
graphic ventricular volumes. Nine of the patients included in _ 
the echographic-marker group also contribute to these data 
because they were scheduled for routine cineangiography 
within 24 hours after their echocardiographic study. Eight of 
these nine patients had prior cardiac transplantation and were 
scheduled for routine follow-up angiography, and one patient 
had previous coronary bypass surgery with recurrence of an- 
gina. The nine other patients (without myocardial markers) 
were scheduled for routine cineangiography for clinical indi- 
cations (seven patients with coronary artery disease, one pa- 
tient with coronary spasm and one patient who had had 
electrosurgery for Wolff-Parkinson-White syndrome). This 
group of nine patients had the two dimensional echocardio- - 
gram recorded within 24 hours before the left ventricular - 
angiogram. The left ventricular angiograms were performed _ 
in a single plane 30° right anterior oblique projection. 
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TWO DIMENSIONAL ECHOGRAPHIC VENTRICULAR VOLUMES—SCHNITTGER ET AL. 





Marker-angiographic group: To further study the in- 


— fluence of simultaneous recordings on left ventricular mea- 


surements when two methods are compared, we reviewed a 
group of 31 patients with previously implanted myocardial 
markers. These patients had all had cardiac transplantation 
and had simultaneous marker and angiographic volume de- 
terminations as part of routine yearly follow-up during 1979 
to 1981. A beat to beat comparison of marker volume and 
angiographic volume was done during contrast study of the 
left ventricle. These angiograms were performed in a single 
plane 30? right anterior oblique projection. End-diastolic 
volume, end-systolic volume and ejection fraction were com- 
pared. 


Analysis of Data 


The echocardiographic, fluoroscopic and angiographic 
studies were analyzed by independent groups who were not 
‘aware of the results of the other methods. The echocardio- 
graphic data were analyzed in the following manner. At the 
time of study a 10 second video disc recording (Sony, SVM- 
1010, video motion analyzer) was made of the four chamber 
view. After the study the video disc was taken to the echo- 
cardiography laboratory computing facilities for analysis. The 
use of a time base corrector (to correct disc time base errors) 
and a video mixer allowed superposition of the output from 
the computer character generator on the video image. This 
facilitated the use of a light-pen system to trace endocardial 
end-diastolic and end-systolic outlines directly onto the video 
sector image. The electrocardiogram and phonocardiogram 
were part of the recorded video image providing identification 
of the portion of the cardiac cycle represented by each frame 
during off-line analysis. The QRS onset and second heart 
sound were taken as end-diastole and end-systole, respec- 
tively. The coordinates of the traced outline were stored in the 
computer for volume calculations using the area-length for- 
mula of Sandler and Dodge.!? The disc recording was chosen 
for two reasons: to allow for high resolution stop frame image 
recordings and to review the images accurately and easily 
frame by frame, in forward or reverse slow motion, or real time 
speed to optimize recognition of the myocardial borders. In 
tracing the echocardiograms, minor irregularities of the en- 
docardial surface were smoothed. The papillary muscles were 
excluded during the tracings (Fig. 1). Five to six beats from 
each recording were analyzed and the average end-diastolic 
volume and end-systolic volume calculated. 


FIGURE 1. Two dimensional apical four chamber 
echocardiographic view with focus on the left ven- 
tricle. The endocardium is well visualized along the 
septal border at end-diastole in this still frame (left). 
The endocardium of the lateral wall was better ap- 
preciated during motion. An outline of the left ven- 
tricular cavity with the light pen is shown (right). The 
papillary muscles and minor irregularities were ex- 
cluded from the outline. 


At the conclusion of each fluoroscopic marker study the 
video disc recordings (Ampex, DR-10 video disc recorder/ 
reproducer) were analyzed in a similar frame by frame and 
stop motion method and the X-Y coordinates of the markers 
identified using a Tektronix light pen coupled to a Hewlett- 
Packard 2115-A minicomputer. This computer is programmed 
to correct the marker image coordinates for the magnification 
of the image intensifier and uses the X-Y marker coordinates 
to calculate the volume for each frame. An electrocardio- 
graphic signal was recorded as a bar superimposed on the 
video image. The length of the bar corresponds to the ampli- 
tude of the electrocardiographic signal. This provides precise 
identification of the QRS complex used to define the end- 
diastolic frame. 'The end-systolic frame was the smallest 
outline visually appreciated. These two frames were digitized 
with the light pen and the average diastolic or systolic volume 
was calculated for five to six beats of fluoroscopic record- 
ings.!° 

The cineangiograms were recorded directly onto the 
Ampex video disc recorder and later played back on a video 
monitor. The electrocardiographic signal was recorded as a 
bar superimposed on the video image, as above, facilitating 
selection of end-diastole. The end-systolic frame was selected 
as the smallest volume appreciated. A single outline of the left 
ventricle was traced with a light pen at end-diastole and at 
end-systole. The parameters were calculated by the computer 
using the area-length method of Sandler and Dodge!’ for 
single plane ventriculography and automatically displayed 
on the video screen.?? 

Interobserver variability: Interobserver variability for 
measuring two dimensional echocardiograms was tested in 14 
patients. Two of us (LS. and P.F.) independently selected 
frames and traced the two dimensional image of the left ven- 
tricle. Intraobserver variability was not tested because the 
echocardiographic recordings were made directly onto the 
video disc and were erased after each patient study. Only this 
limited capacity video disc was available and image quality 
was perceptibly reduced if videotape images were used for 
storage and review. 

Statistical analysis: Least square regression curves and 
95 percent confidence limits were calculated together with the 
corresponding correlation coefficient. It was recently sug- 
gested?! that the standard error of the estimate be used to 
represent data for this type of analysis. This value is directly 
proportional to r?, which indicates the percent variation in y 
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JURE 2. Echographic-marker group. Left, end-diastolic (EDV) (open circles) and end-systolic (ESV) (closed circles) volumes a 
8 patients. Least square linear regression yielded an r value of 0.87 and a standard error of estimate (SEE) of 21.7 cc. Ninety-five percen 
are represented by the two dotted lines. Right, the end-systolic and end-diastolic volumes are connected for each of the 18 patients 
close relation of each patient's data to the linear regression line (long line intercepting y axis at 4.4). B I A. 


that is explained by the variation in x. A com monly used sta- percent less than marker volume but the differe 


tistical method is to test whether the observed differences not statistically significant. D 
between the groups are consistent with a null hypothesis. This The ejection fraction in this group did not displ: 


st statistic traditionally makes use of a significance level or a wide range of values (28 to 60 percent). The mea 
value that represents the probability of bei ng wrong when i | FI oc. 


ssuming the hypothesis that two group means are not dif- 
ent. This p value is generally regarded as a valid test of the 
imilarity or dissimilarity of two independent groups of data. 
her statistical variables that are used throughout the text 
'omparing two data sets include the mean and the stan- 
rd deviation. Although this method alone is not a definitive 
to describe association between two independent groups, 
oes serve as an indicator of their degree of similarity. These 
iables (mean and standard deviation [SD]) coupled with 
er statistical values such as the correlation coefficient (r), 
standard error of the estimate (SEE) and the ¢ statistic 
can combine to yield a fairly concise test for the degree of 
nilarity between two different data groups. 
Results 
ichographic-marker group: The linear regression 
18 patients with simultaneous echocardiography and 
arker recordings yielded a good correlation (r = 0.87) 
Jeft ventricular end-systolic and end diastolic vol- 
umes (Fig. 2). The mean echocardiographic end-dia- 
c volume was 130 + 36 cc (mean + standard de- 
viation) and the mean marker end-diastolic volume 138 
+ 37 cc. Two dimensional echocardiographic end-dia- 
lic volume was 5 percent less than marker volume but 
stical analysis showed no significant difference 
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IGURE 4. oie adco group: End-diastolic (open circles) and 
ind-systolic (closed circles) volumes are plotted for the 31 patients. 
.east square linear regression yielded an r-value of 0.89 and a standard 
error of estimate of 21.4 cc. Ninety-five percent confidence limits are 
presented by two dotted lines. Abbreviations as in Figure 2. 


ejection fraction was 46 + 7 percent on echocardiogra- 
_ phy and 41 + 9 percent with the marker method. Twe 
- dimensional echocardiographic ejection fraction was 12 
_ percent larger than marker ejection fraction; again this 
was not statistically significant. 

: .Echographic-angiographic group: The linear re- 
gression analysis of 18 patients who underwent two di- 
mensional echocardiography within 24 hours before left 
ventricular angiography yielded a good correlation (r 
) for the combined end-diastolic and end-systolic 
mes (Fig. 3). Tae mean end- diastolic volume was 
cc on echocardiography and 123 + 22 cc on an- 
‘Two dimensional echocardiographic volume 
cent less than the angiographic end-diastolic 
p <0.01). The mean end-systolic volume was 
on echoeardiography and 50 + 13 cc on an- 
Two dimensional echocardiographic volume 
percent greater than the angiographic end-systolic 
ie (difference not significant). 

jection fraction correlated less well in this 
mpared with the echographic-marker group. 
ejection. fraction by echocardiography was 
it and by angiography was 60 + 7 percent. 
sional echocardiographic ejection fraction 
ent. less than ! the üngioR Pape d 











V c group: The least square 
combined « end- -diastolic 





nificant), "The n mean marker Pus um facon: was 5' " 
percent compared with 59 percent on angiography (p " 
« 0.01). gt 

Interobserver variability: Regression analysis of 
volumes calculated from independent outlining of 14 | 
echocardiographic ventricular images by two observers . . 
showed excellent data correlation (r = 0.98), with 4. 
percent interobserver variability. The corresponding - 
values for ejection fraction were r = 0.94 and 3 percent, 
respectively. 


Discussion 


Comparison of ventricular volumes determined — 
by echocardiography and myocardial markers: One — 
of the interesting findings in this study is the demon- 
stration of very similar estimates of absolute left ven- 
tricular volumes when two techniques are compared - 
under near optimal circumstances. In our echogra- 
phic-marker group the mean end-diastolic volumes were 
virtually identical. Although the mean echocardio- 
graphic end-systolic volume underestimated the mean 
marker end-systolic volume by 15 percent, the overall 
correlation between echocardiography and myocardial 
marker volumes was good but with some spread of data 
points. In the recent past other investigators!!-!? found 
two dimensional echocardiographic volume significantly 
less (by 30 to 40 percent) than nonsimultaneously re- 
corded angiographic volume. This usually is most 
marked for end-diastolic volume.!? 

There are several probable explanations for our 
different results. These two dimensional echocardio- 
graphic recordings were very close in time with the 
marker recordings, thereby minimizing physiologic 
changes that alter cardiac volumes and contractility. 
Also our equipment might play a role. The Hewlett- 
Packard 77020A sector scanner has dynamic focusing 
during sound transmission and reception, a large 
transducer aperture and transducer construction to 
reduce grading lobes, optimize primary beam width and 
thereby reduce the lateral spread of each echographic 
target within the image. The endocardial echoes. 
spread less into the cavity as the beam width is reduced 
(Fig. 5A). Thus the location of each endocardial target 
is more properly located on the image for outlining with 
the light pen compared with lower resolution images. 
Direct recording of the echocardiographic image onto . 
a video disc, rather than a video tape recorder, prevents _ 
degradation of the image. A. light-pen system, such as 
we used in tracing echocardiographic images, minimizes | 
the sampling error encountered with a relatively thick . 
wax or ink pen and it superimposes the drawn outline 3 
on the image, reducing paralax errors. : 

Comparison of ventricular volumes determined | 
by echoeardiography and angiography: We found. 

gr tly small eft ventricular v lume at end- | 
































































me area volume) witi ventric 
he columnae carnae are 
1 giog contrast medium. The . 
dio rüphic. outline: probably represents the te cr 
) ' these columnae owing to the finite lateral Also, hohes M in n relatio t 
on of the beam (Fig. 5B). The effect of this dif- of the cardiac apex during contractio 
e should be greater at end-diastole. Second, heart relative to the fixed plane proc 
ment of the ultrasonic transducer proximal to the trasonic transducer. Third, an importa 
anatomic apex (Fig. 5C) or orientation of the scan is the nonsimultaneous recording of the ec 
off the maximal cross section of the ventricle (Fig. and the cineangiogram. A different 
could reduce the size of the image representing volume or different contractility state d 


LATERAL RESOLUTION ANGIO OUTLINE ~ 
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COLUMNAE CARNAE BASES ENCLOSED 
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IMAGED BY ULTRASOUND 


TRANSDUCER NOT MORES 
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'NON-SIMULTANEOUS STUDIES 


FIGURE 5. Factors influencing left ventricular (LV) volume measurements in echocardiography \ ers 
A, sector scanners with ee sateral iden: of es echo target (earn ye result in a cavi ary ot 









ow v urban dic this 


ial jii: possibly contributing to the 
peen end-diastolic volume obtained with 
phy and that obtained with angiography 
trast agent on the left ventricle. Very 
data are available discussing the potential 
rast medium on the left ventricle during 
beats of injection. Limited previous studies 
derman (personal communication) suggest 
nt effect in the first three to four beats of 
ction of 30 to 50 cc of angiographic contrast 
to the ventricle, using myocardial markers to 
ulate volume just before and during contrast in- 
ion. He also registered an appreciably larger end- 

astelic volume after the first three to four beats of 
iozraphic contrast injection into the left ventricle. 

his augmentation might be due to depressed con- 
actility followed by a dilation of end-diastolic volume 
the contrast medium fills the coronary arteries. Se- 
€ action of an angiographic frame for volume calculation 
rom the fifth beat of the cineangiogram or later might 
yield an end-diastolic volume that is larger than that in 
he resting state. These preliminary observations are 
further supported by the work of Vas et al.?? They found 
hat end-diastolic volume was 7 percent smaller when 
»btained with digital angiography performed after in- 
ection of 40 cc of Renografin® into the femoral vein at 
he iliac bifurcation than when it was obtained from 
tandard cineangiograms performed using 40 cc of 
contrast medium injected directly into the left ventricle. 
‘he end-systolic volume measured after peripheral 
venous injection was only 2 percent smaller than that 
obtained with standard cineangiography. Finally, the 
> plane 30° right anterior oblique angiogram has 
hown to overestimate volume measured from 
angiography; therefore echocardiographic vol- 
ore closely duplicate biplane volume.?? The 
olic volumes measured with echocardiography 
y closely correlated with angiography and the 
; larger end-systolic volume by echocardiog- 
not reach statistical significance. This finding 
y different from data of other investiga- 
The angiographic end-systolic volume was 
bjectively as the smallest volume appre- 
re precisely, the last frame in a series of di- 
volumes before the ventricle started to get 
ain was chosen. An error could have been made 
this frame resulting in a spuriously large 
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idgráphie methodology: In this study we 
ily ob: er view. W Sa ep M aN view, 








view one is s leis li E to 5 oben foreshortaried view E 


less than maximal area images of the left ventricular . | 


cavity (Fig. 1 and 5C). The advantage of the two 
chamber view is its greater duplication of the 30? right 
anterior oblique view used in cineangiography and 
fluoroscopy of intramyocardial markers. It is possible 
that two chamber views could have given a different 
correlation. This remains to be studied. Other investi- 
gators!?.1424 combined several echocardiographic views 
to form a biplane echocardiographic image. We believe 
a single apical four chamber view yielded sufficient in- 
formation in this study to justify the use of this single 
image for simplified volume calculations. 

Role of wall motion abnormalities: All our patients 
in the echographic-marker group had wall motion ab- 
normalities. Patients with a cardiac transplant lack 
most of the pericardium, and this lack seems to exag- 
gerate cardiac motion within the thorax. Half the 
echographic-angiographic group had significant wall 
motion abnormalities. This good correlation of two di- 
mensional echocardiographic volumes compared with 
other measures of volume is encouraging for use in the 
patient groups with wall motion abnormalities com- 
monly encountered now. Interobserver variability in 
tracing the two dimensional echocardiographic volumes 
(4 percent), is similar to values other investigators have 
found.!.1? 

Comparison with previous studies: Our study 
demonstrates that two dimensional echocardiography 
can be used to calculate cardiac volumes in vivo without 
severe underestimation of volumes compared with those 
obtained with myocardial markers and angiography. 
This study also focuses on the limitations of comparing 
one in vivo method with another. Volume correlations 
with r values of 0.85 to 0.90 may be as close as one should 
expect. The human heart beating inside the thoracic 
cavity displays a complicated series of motions in all 
dimensions. The heart rotates with the apical segment 
moving counterclockwise, the mid segment moving little 
and the basal segment rotating clockwise.!? The heart 
also contracts along its long axis and translates, or 
changes its reiation to the thoracic wall, during the 
cardiac cycle. Every technique we use to quantitate the 
cardiac volume in vivo, invasively or noninvasively, will 
face common problems of selecting appropriate di- 
mensions and representative areas to measure. One 
technique tha: does not search strictly for a diameter 
or an area is the electrocardiographically gated radio- 
nuclide ventriculogram. Slutsky et al.*° reported a 


correlation between nuclide scans and cineangiography — - 


with r values of 0.97 to 0.98 for end-diastolic volume and 
end-systolic volume, respectively. However, this tech- 
nique is highly dependent on computation of maximal 
areas of radioactivity, with subtraction of background  - 
noise and Y poor spatial resolution. There have | 
































































d ventricles) in vitro showed a very 
elation, but above absolute volumes of 100 cc 
ulated values were constantly 40 cc larger than 
ie injected volumes. With absolute values of less than 
00 cc the overestimation of volume was proportionately 
areen et al.” also demonstrated a correlation 
"ient of 0.988 between single plane and biplane 
e film volume in human beings. However there was 
significant spread of data for volumes of 50 to 200 cc. 
andler and Dodge!? found that anteroposterior single 
- plane volumes correlated linearly with biplane mea- 
-surements (r = 0.99) but again in ventricles less than 400 

cc the spread of the data was appreciable. In addition 
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mode beam. Echocardiographic misinterpretation d dueto the accentuated 


| 1e heart, seen in some patients with peri- 
ardiology y. Department of s 


University of Miami 


revised manuscript | 
. .iànthe standard long axis view, tt 
xU vae ane) in Pede appen as orizontal r 








Cardiac structures are continuously moving during the cardiac cycle. so [53 
that constantly changing acoustical interfaces are being recorded by the | 
theoretically static echographic beam. The characteristic movement of 


the base of the heart toward the apex in systole appears as horizontal — 


motion when imaged in two dimensional echocardiographic parasternal | 
long axis views. The quantitative characteristics of horizontal motion were 
studied in 50 control patients, 25 patients with decreased cardiac output, 
20 with volume cverload and 10 with pericardial effusion. The angle of 
cardiac shift at the aorto-interventricular septal junction was 8 + 2° (mean 
+ standard deviation) in control patients, and this change constituted 21 
+ 6 percent of the area within the arc containing the standard M mode 
information. Horizontal shifts were decreased in patients with decreased 
cardiac output (4 + 2°; p <0.001) and increased in patients with volume 
overload (11 + 4°; p «0.001) or pericardial effusion (10 + 3°; p 
<0.025). 

With use of the concept of horizontal motion, the interventricular septal 
hinge point was noted to be in the area of the membranous interventricular 
septum, rather than at the junction of the upper and middle thirds of the 
interventricular septum in 80 percent of normal subjects, 72 percent of 
patients with decreased cardiac output, 60 percent of those with peri- 
cardial effusion, 52 percent of those with left-sided volume overload and 
40 percent of those with right-sided volume overioad. The concept of 
horizontal cardiac motion was also pertinent to the interpretation of aortic 
valve opening, the transposition of aortic root information to apparent left 
ventricular outflow tract level, one form of pseudosystolic anterior mitral 
motion, abnormal left atrial echoes, echoes mimicking flail posterior mitral 
leaflet and interpretation of left atrial wall motion at the left atrial-teft 
ventricular junction. In conclusion, horizontal cardiac motion is a significant 


- physiologic phenomenon of potential clinical importance. It causes im- 
_ portant changes in the echographic recording of acoustical informa- 


tion. 


.. Simultaneous performance | of M mode and two dimensional echocar- 
. diography shows that the. cardiac structures are continuously moving _ 
.. during the cardiac cycle, with. the result that constantly changing - 





theoretically static M 





anteroposterior motion.of 
cardial effusion, has been. documented. L However, the major motion of 





the normal heart is a shift of the base of the heart toward the apex in o2 
systole, with reverse motion in diastole, as a consequence of alternating 
| filling and emptying of the atria and ventricles. When the heart is imaged - 





his movement of the cardiac base toward 
no ond in | contrast. to thea an- 














_ . FIGURE 1. Method of quantitating horizontal cardiac 
|. motion (schematics). Left, in diastole (D), the angle of 
US _ information (Ai) was measured as the arc from the aortic 
.. leaflet to chordal levels. Right, the angular shift of the 
"E aorto-interventricular septal juriction (Aao) and atrio- 
. .. ventricular groove (Aav) from diastole (D) (darker solid 
2 - Winejto systole (S) (dotted line) as well as the linear shifts 
|. were measured. Diastole (solid outline) and subsequent 
1 systole (shaded) are superimposed. 















Pu FIGURE 2. Normal horizontal cardiac motion: A, long axis two dimensional echocardiogram showing relation of the: aorto-interventricular septal 
| junction (top arrow) and atrioventricular groove (bottom arrow) to an arbitrary M mode reference line in diastole. B, in the following systole, the: 
aorto-interventricular septal junction and atrioventricular groove have moved apically, toward the reference line. C, short axis image from another 
control patient at the anterior and posterior mitral leaflet level in diastole. D, in the following systole, the left atrium and aortic root. were visualizes 

he shift of the base of the heart toward the cardiac apex brought a more superior aspect of cardiac anatomy into view. This degr : 
as at the upper limit of normal. Ao = aorta; D = diastole; LA = left atrium; LV = left fi itricle; MV = mitral valve; RV= = : right ventricle; 

























ona interpretation: U selected consecutive M mode 
hocardiographic studies were reviewed prospectively from 
e daily clinical case work. M mode recordings (Picker 80 C 
or Unirad Sonograf D) were performed by the technical staff 
. and presented for review. Patients whose tracings revealed 
- echocardiographic patterns suggesting the potential for mis- 
| interpretation of visual information due to horizontal cardiac 
` motion were restudied with simultaneous M mode and two 
: dimensional echocardiography using a phased array system 
_ (Toshiba). In addition to our standard clinical protocol, car- 
_ diac motion was observed in the parasternal long axis view, 
- comparing the motion of the two dimensional images to var- 
ious fixed M mode reference lines in order to determine the 
mechanism of the production of the specific M mode infor- 
_ mation of interest. 

- Quantitation of horizontal motion: Horizontal cardiac 
: motion was quantitated prospectively from two dimensional 









moderate to: severe mitral stenosis or advanced cardiomyop- 


athy), 20 consecutive patients with clinical evidence of right OR 


or left ventricular volume overload (patients with mitral, 
aortic or tricuspid insufficiency) and 10 consecutive patients 
with pericardial effusion (small in 6, moderate in 3 and large 
in 1). The pattern of septal motion was also characterized. for 
each patient. ` 

The method used to. quantitate horizontal cardiac motion 
is illustrated in Figure 1. The angular and linear shift, from 
systole to diastole, at the junction of the aorta and interven- 
trieular septum and at the atrioventricular groove were 
measured in each patient. Furthermore, the arc in diastole 
from the aortic valvular to the mitral chordal level was re- 
corded to serve as a reference base because this arc contains 
the standard M mode information ir. most situations. Mea- 
surements were made from sequential end-systolic and end- 
diastolic video frames of high technical quality with the 
transducer held in a fixed, standard parasternal long axis 
position. Data were averaged from three to five cardiac cycles 
measured in duplicate to obtain a representative data base and 
eliminate potential bias caused by the phase of respiration. 


Results 


Àn example of horizontal cardiac motion in the 
parasternal long and short axis views from a control 
patient is shown in Figure 2. Superimposition of long 
axis systolic and diastolic cardiac position is demon- 
strated schematically in Figure 3. The quantitation and 
consequences of these shifts for echocardiographic in- 
terpretation will be discussed. 

Quantitation of horizontal motion: Horizontal 
cardiac displacement as quantitated in our four patient 
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2 : AY = atrioventricular. 


.—. groups is summarized in Table I. The mean (+ standard 
_ deviation) angle of information (Ai) in the control group 
was 39 + 5° and was similar in the other three patient 
.. groups (40 + 6°, 42 + 6? and 40 + 4°, respectively, 
- « probability [p] = not significant [NS]). The linear dis- 
= placement in millimeters was slightly greater at the level 
- of the atrioventricular groove than at the level of the 
^. aorto-interventricular septal junction in ail groups. 
... However, the angular shift was greater at the aorto- 
interventricular septal level because this area was closer 
_. tothe echographic source and any given linear shift will 
_ subtend a greater arc the closer it lies to the origin. The 
mean ratio of the angle of shift to the angle of infor- 
- mation at the aorto-interventricular septal junction 
-. (Aao/Ai) was 21 + 6 percent (mean + standard devia- 
5. tion), indicating that one fifth of the area within the 
|. angle of information changed during each cardiac cycle. 
Inthe patients with decreased cardiac output, angular 
.. and linear positional changes were significantly de- 
_» -ereased, whereas patients. with volume overload or 
pericardial effusion showed increased horizontal motion 
.." at the aorto-interventricular septal level, and to a lesser 
extent at the atrioventricular groove level. These find- 
.. ings are consistent with the direct relation of cardiac 
volume changes with the degree of horizontal cardiac 
^ motion. 
cv. Pitfalls in echocardiographic interpretation due 
to horizontal cardiac motion: The potential for mis- 
information was most common in areas where ácoustical 
interfaces reflected spatially adjacent but different 
intracardiac structures and in areas of the greatest 
horizontal motion, namely, the aorto- interventricular 
septal junction and the atrioventricular ¢ groove. 
- Interpretation of aortic valve orifice size: In systole, 
he aortic valve moved both apically and anteriorly as 
silt o of the combination of ranta PRU motion 











J bur In the setting of aortic SPARSIS bon 





ty, distortion and calcification of the stenotic 


Ai (angle of 
(angle of aortic root 
information) shifti Ratio 


Aao/Ai 


0.21 + 0,06 oe 
0.11 + 0.03 3 d 1* 4 4 1* 


0.25 + 0.07 8+ 2* 8 + 2* 
0.25 + 0.09 8+ 2° 8 + 2! 


is Stalatically different from control group, as assessed by group t test, at the probability (p) level of * «0. 001, 4 <0, 025 ort <0. 05. 


aortic stenosis, | 
ardiac motion was less evident, but could lead. ( ropic | nici 
rpretations of greater clinical importance. or may be artifactual? As suggested b Gil 


late systolic curvilinear echoes es mimicking « systolic in- 
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0.09 + 0.02 


0. 19 & 0.06 
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aortic valve are known to compound the difficulties m — 
directly assessing aortic orifice stenosis echocardi- . 
ographically.^ Horizontal cardiac motion may be of . 
sufficient magnitude to displace the valve so that the 
M mode beam does not pass through the minimal orifice _ 
in systole. Although in most circumstances the two di- _ 
mensional echographic technique could avoid misin- __ 
terpretations due to horizontal motion, in this particular 
setting the aortic valve may fall below the plane of the __ 
sector in systole and clearing of aortic root echoes may 
be misinterpreted as valve opening in short axis images v 
(Fig. 4 and 5). ex 

Abnormal left ventricular outflow tract shoes: às 
previously noted, if an M mode cursor was placed across 
the left ventricular outflow tract, the distance between __ 
the aortic root and this cursor shortened in systole. 
Because of the combination of limitations in lateral _ 
resolution and horizontal motion, acoustical informa- .. 
tion contained within the aortic root could be recorded __ 
in what appeared to be a left ventricular outflow tract. _ 
position during part of the cardiac cycle, typically late 
systole and early diastole. It was common to record a. 
fleeting image of the aortic root or valve above the base 
of the anterior mitral leaflet; however, this rarely caused. 
confusion because the transitional nature of this finding 
was recognized. However, with accentuated cardiac 
motion—for example, aortic regurgitation or dense echo. 
reflectors such as calcium in the aortic valve or root- 
misleading echocardiographic patterns could be. 
corded. Such patterns are of particular clinical imp 
tance because left ventricular outflow tract echoes ha 
been used to indicate aortic valve endocarditis with 
prolapse of vegetation or disrupted leaflet, or both. The 
appearance of this artifact in late systole rather thai 
early diastole and the lack of a fine fluttering pattern 
were helpful in making the distinction from aortic valve 
endocarditis (Fig. 6). MN 

Pseudosystolic anterior motion of the mitral valu: 
Systolic anterior mitral motion of the mitral valve: 
characteristic finding i in idiopathic hypertrophic $ 
a nonspecific. finding in a variety « 












































i anhi. benm pn early qu and thereby 
‘the DtoE line of the anterior mitral leaflet (Fig. 





7 Y This occurred more frequently when the aorta was 
- positioned horizontally since the posterior aortic wall 
more readily approximated the M mode beam. Such 
. horizontal orientation of the aorta was commonly ob- 
; served i in the elderly. The late systolic and persistent 
. diastolic timing of this artifact and its disappearance 


j T with Namens aortic valve gradient o of TO mm Mei B Bando, high PN 





on sweeping [losa the dardiüc apex v were re helpful clues 
tothe correċt interpretation. —— 

Effect of horizontal cardiac motion on the inter- 
pretation of the "hinge" point of systolic interven- 
tricular septal motion: Classically, the septal “hinge” 
point separating anterior aortic from posterior septal 
motion in systole, has been described at the junction of 
the upper and mid thirds of the interventricular sep- 
tum.? However, when horizontal cadiac motion was 
taken into consideration, the true “hinge” point in most 
control patients appeared to be an area 2 to 3 mm im- 


ap eos of the aortic root echoes iP the potential f for r misinterpreting 
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tely in ferior to the ao toseptal A probably 2 : 
in the membranous septum. Simultaneous M mode- 


vo dimensional echocardiography showed that in 

t persons, the aorta moved anteriorly in systole, a 
votion that was more marked 1 to 2 cm above the aortic 
valve than at the level of the valve. The muscular sep- 
tum was thicker than the anterior aortic wall. Thus, the 
aortoseptal junction was anterior to the position of the 
left side of the interventricular septum and a small 
curvilinear area of echographic density, representing 


the top of the muscular septum, connected the two. 
_ Within 2 to 5 mm inferior to the aortoseptal junction, 
- full thickness of the septum was encountered and this 


- area of the septum showed thickening and posterior 
< motion of left-sided septal echoes in systole (Fig. 3). 


. Sucha pa etn: ating 

in 42 (80 percent) of 50. 

of 25 patients with decrease l 

percent) of 10 patients with pericardi 
percent) of 15 patients with left-sided yolume ove load. 
and 2 (40 percent) of 5 patients with right-sided volume 
overload (Table ID. The second most prevalent pattern 
of septal motion (16 [15 percent] of 105 patients) was. 
movement of both the left and right sides of the upper: 
interventricular septum toward the left ventricle in 
systole. This pattern was most commonly observed in 
the group with left-sided volume overload (7 [47 per- 
cent] of 15). In most patients (3 [60 percent] of 5) with 
right-sided volume overload, all or part of the septum | 
moved anteriorly in systole, as previously described.” B 


FIGURE 5. Explanation for aortic echo. dropout: A, in osi 
System (ES) the M mode cursor passed through. the orti 


the aortic orifice (arrow) has maet apically y: 
M mode line fesuiting | in the echo dropot tin 
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|n FIGURE 7. Pseudo systolic anterior mitral motion: A, mitral echogram showing a curvilinear echo (pSAM) recorded in late systole and early diasto 
e representing pseudosystolic anterior mitral motion. PML = posterior mitral leaflet. B and C, two dimensional long axis views in diastole (D) ar 
systole (S) show horizontal motion of the posterior aortic wall with reference to a fixed M mode cursor (arrows) as the cause of this ty e of 
ee ‘Beeudo-systolic anterior mitral motion. Ao = aorta; LA = left atrium; LV = 





_... A septal hinge point at the junction of the upper and 
_ mid thirds of the interventricular septum was observed 
in only 7 (7 percent) of the entire group of 105 patients 
studied. This apparent discrepancy between the current 
and prior observations in defining the area of the septal 
__ hinge point was at least in part due to horizontal motion. 
© When the M mode cursor was placed through the upper 
|| interventricular septum in diastole (for example, at the 
. mitral valve), the horizontal apical motion of the heart 
- im systole caused echoes to be reflected from progres- 
_ sively superior areas of the left side of the interven- 

tricular septum and often onto the upper septum, which 


TABLE I 
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: tient group 
-Volume overload 


i dia effusion 

























left ventricle. 


3 Pattern of interventricular Septal (IVS) Motion as Defined With Two Dimensional Echocardiography 


L-> LVI 


-Decreased cardiac output 18 


curved anteriorly. Thus, as the left side of the uppe 
septum moved appropriately in a posterior directio 
toward the middle of the left ventricle in systole, th 
horizontal motion of the heart displaced the origin. 
interface out of view and placed a more superior section 
of the septum, which was often also more anterior, int 

view. The net result was the unusual or flattened images 
of the upper septum as seen in M mode tracings. Fur 

thermore, accentuated horizontal motion of the heart 
increased the apparent displacement of the abnorm: 
septal motion pattern by transposing the upper septur 
in systole into further apical positions (Fig. 8). A uniqu 





IVS Motion 


Paradoxical! 
Up L + R — Ant? Motion 









ht (R) sides of upper interventricular septum (vg) n move toward the left ventricle (LV) 
f ‘ventricle, motion of right side i is variable. * Left and d right sides o upper 





| facts; An M diode beam 

ior ‘and posterior leaflets of the 

phase of the cardiac cycle passed 
reas of the valve structure as the 
ated itself, especially if horizontal 
minent. Therefore, in. systole a more 
mitral apparatus was recorded, while 
pical aspect was viewed. With suf- 
isplacement, the M mode echogram 
sterior chordal rather than posterior 
s in diastole. Even normal chordal 

ies appeared as repetitive, erratic echoes 


obvious clinical ar portance Proper differentiation from 
flail leaflet included lack of fine vibratory motion, - 
purely diastolic timing and direct observation by si- - 
multaneous M mode and two dimensional echocardi- 
ography. 


Abnormal echoes within the left atrium: The repet- : " 
itive abrupt horizontal motion of the atrioventricular ^ 
groove toward the left atrium in diastole occasionally . 


caused the recording of recurrent transient echoes that 
appeared to be within the left atrial cavity (Figs. ll and — 
12). These echoes were more evident in the setting of 
accentuated atrioventricular groove motion and may 
have been enhanced by the divergence of the M mode. 


ise diastole l 





am at this Tuns dm the transducer. The diastolic 
ming was a clue to the artifactual nature of these 
findings; however, the differential diagnosis included 
-nonprolapsing thrombus, tumor or vegetation.” Al- 
hough the incidence is low in casually observed M mode ia 
racings, this artifact can be recorded by two dimen- terior wall was of greatest magnitude at«the j jun tio 
sionally directed M mode echocardiography in ap- the posterior left atrial and posterior left vent 
proximately 29 percent of patients with hyperdynamic | 


FIGURE 9. Unexpected recording of posterior chordal structures. Mitral echograms from a normal pregnant patient (A), a normal patien with sin 
tachycardia (B) and a patient with fever and tricuspid valve endocarditis (C). In each, posterior chordal structures were unexpectedly rec: ji 
erratically in diastole (arrows) but not systole; potential confusion with flail posterior mitral leaflet is evident. No patient had intrins 
disease; in each case the echogram showed accentuated horizontal motion because of the clinical ‘setting, The phasic changing patt 

ue to cardiac shifts during normal respiration. AML = anterior mitral leaflet; IVS = interventricular septum; WES ‘mitral vah 
chords PW = = posterior left t ventricular wall: 





) Phi por | iologic displac 


oven ricular groove was odd The aE, 
of th oventricular groove simulated a ve- 

yf or example, as the left ventricle con- 

n the atrioventricular groove shifted 


ue n wheo here was jena, effusion posterior 

e left atrial wall. Figure 13 shows examples of true 

nd artifactual left atrial wall motion patterns, and 
, reemphasizes the mechanism of these find- 


apex in systole. canl beu seen as s Horizontal “cardiac? motior 
in the standard two dimensional parasternal long axis 


echocardiographie view. In order to understand the — 


relation between M mode and two dimensional echo- 


graphic images, the concept of horizontal cardiac motion : E 


must be used. Although horizontal motion has been 
apparent to many observers, a study devoted to deter- 


mining its quantitative and clinical characteristics has - E 


not been previously reported. Our present study con-- 
firms the presence of and describes in detail the quan- 
titative and clinical importance of horizontal cardiac 
motion. When the arc of the standard M mode sweep 
was used as a reference area, horizontal cardiac motion 
caused a potential change in 20 percent of the acoustical 
information. Indeed, the structures traversed by any 





M inode baat were conntantly dons ng. Chang- 
g formation was also noted in two dimesnional im- 
, especially cross-sectional images; however, these 


anges were less misleading because of the larger area. 


hat was visualized. The echocardiographic manifes- 
itions of this motion depended on the magnitude of the 
1otion and the nature of the structures within and 


IGURE 11. Abnormal left atrial echoes: M mode sweeps showing 
loventricular (AV) groove and left atrial (LA) echoes. due to horizontal 


ion f the deitas f groove in the clinical. : etting of (A) - 


these findings allowed for bet eru 
correlation of two dimensional and M 
diographic findings and the avoidance of r 
tation of echographic information. y 

The magnitude of horizontal motion „depended Or 
the volume and contraction characteristics of the 
In clinical settings of greatly decreased volume cha 
as in mitral stenosis or cardiomyopathy, a gener 
decrease in cardiac motion was noted and hori 
motion, specifically, was about half that in coi 
subjects. Conversely, an increase in horizontal nx 
was noted in patients with volume overload or increa 
cardiac mobility due to pericardial effusion. Previ 
examples of artifact due to the increase in cardiac 1 
bility i in the situation of pericardial effusion emphasized 
the increase in cardiac motion in the anteroposteric 
direction, especially in moderate and large size effi 
sions.! Our observations show a significant accentuation 
of horizontal cardiac motion, even with small: and : 
moderately sized effusions. 

Areas of misinformation: Because the potential for 

"artifact" depended on the magnitude of cardiac motion 

and the acoustical content of the areas adjacent to the 
M mode line, misinformation was most evident where 
adjacent areas contained different structures, especially 
when the motion of these structures also differed. Areas 
of particular interest were the left ventricular outflow 
tract and the posterior cardiac structures from the 
posterior mitral chordal to the lower left atrial level. In 
the general area of the left ventricular outflow tract, 
several examples of misinformation related to horizontal 
motion were observed. Although volume changes were | 
not marked in patients with aortic stenosis, there was _ 
sufficient motion to cause displacement of the minimal 
systolic aortic orifice. Thus, to the already difficult task 
of quantitation of aortic stenosis, especially in the adult, 
was added the problem of differentiating valve opening 
from dropout of echoes due to orifice shift in systole. We 
observed displacement of aortic information to the left 
ventricular outflow tract including a case that mimicke 
aortic valve endocarditis. Pseudosystolic anterior mitr: 
motion due to displacement of the posterior aortic. re 
to the outflow tract positions was illustrated as a co 
mon artifactual finding, especially in the elderly. T 
effects of horizontal cardiac motion on the interpr 
tion of upper interventricular septal motio 
particular significance. It was evident that t 
"hinge point" was in the area of the upper inter 
tricular septum, probably within the membranous. 
terventricular septum, and that horizontal card 
motion artifactually displaced this transitional area 
a more inferior position especially when viewed in 
mode images. Septal motion was a prime example of 1 
need for the concept of horizontal motion to corre 
properly two dimensional and M mode informat 

The posterior cardiac structures from left atr al 
posterior chordal levels showed significant ; 


us 


risinterp 


motion, and examples of M. mode mi 


_ clinical importance were evident. Th 
inthe left atrium caused by: reco lof 


groove could be n 















tion of artifact from fact in these cases required 
reful scrutiny of multiple views because misdiagnosis 
uld have had major clinical implications. Finally, left 
rial wall motion at the level of the atrioventricular 
oove was due to horizontal motion of the groove 
rough the fixed M mode beam in most persons. Hor- 
zontal motion also explained the sometimes bizarre M 
mode patterns recorded behind the mitral apparatus 
t the left atrial-left ventricular junction (Fig. 13). 

Effects of other motions: Cardiac motion was 
mplex and, although horizontal cardiac motion was 
served to be the most consistent, measurable and 
iportant displacement, other motions, including 


recording a 
made regarding rotatio 
studied herein; however, 

































this motion was more difficult 
to quantitate reproducibly, was of a lesser degree and _ 
did not seem to vary significantly among the groups 
studied. Imaging from lower interspaces changed the 
perpendicular relation of transducer beam to inter- 
ventricular septum because the apex tended to tilt up- 
ward toward the transducer at these lower vantage | 
points.!? There was no significant change in the angle 
of information or linear shifts at the aorto-interven- 
tricular septal or atrioventricular junctions with lower 
transducer positioning. However, because linear dis- 
placements were more acutely angled to the origin, the 
angles of shift, although still statistically significant, 
decreased an average of 20 percent. These shifts were 
clinically significant as well because the distortions due 
to septal angulation and horizontal motion were fre- 
quently additive in M mode recordings. Future assess- 
ment of these variables of motion is needed. 


HORIZONTAL MOTION ARTIFACTS—KESSLER ET 





FIGURE 13. Left atrial wall motion. A, posterior left atrial (LA) wall motion was minimal at the aortic (Ao) valve level (top panel). The left atrial wall: : 
motion at the left atrial-left ventricular (LV) junction was typical for a venous filling pattern (bottom panel), but this was shown to be due to horizontal 


M _ atrioventricular groove motion, as in Figure 12, in most normal persons. 
. cute mitral regurgitation. C, the posterior left atrial wall showed a (ar 
probably represented true left atrial wall motion. D, bizarre, recurrent echoes 


_ Crossing the M mode line at the left atrial-left ventricular junction. 


In conclusion, horizontal cardiac motion was shown 
to be an important physiologic and clinical phenome- 
non. Cardiac structural orientation and the acoustical 
- information within and adjacent to the area of reference 
= were major determinants of whether misinformation 

„was recorded. Horizontal cardiac motion distorted in- 
'— terpretation of the interventricular septal hinge point 
and left atrial wall motion at the left atrial-left ven- 
tricular junction. Application of the concept of hori- 
zontal motion with careful observation of simultaneous 











B, the posterior left atrial wall showed a v wave in a patient with significant 
rows) and v waves in a patient with pericardial effusion (PE). Suche ases 
(arrows) due to horizontal motion of the atrioventricular  abrup 


M mode and two dimensional images was necessary for 
the proper correlation of M mode and two dimensional 
acoustical information. E 
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dial revascularization in 
clinical coronary disease 
available today. 


Written by 130 selected authorities, MYOCARDIAL 
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two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Collins, Jr., MD. 








Myocardial Revascularization 
features the latest on: 


WE Streptokinase - Thrombolysis in AMI 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


WE Percutaneous Transluminal Coronary 
Angioplasty (PTCA) 

lil New Calcium Blocking Drugs 

WE Cardiac Benefits of Coronary 
Rehabilitation Programs 

lll Coronary Bypass Surgery for Angina, - 
Unstable Angina, AMI 


Yorke Medicai Books, Box C-757, Brooklyn, NY 11205 AJCI2 
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m Copies MYOCARDIAL REVASCULARIZATION « $55.00 


C Enclosed is my check for . Yorke pays postage and 
handling (same returr privilege). New York residents add appropriate 
sales tax. Add $5 00 per book for orders outside the U.S. and Canada. 


_ Please bill my [i VISA 
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When you treat a patient whose hypertension, good, it aids patient compliance. What's more, it 
anxiety, insomnia or cardiac condition might be is available everywhere in instant, freeze-dried 
aggravated by too much caffeine, diet modifica- or ground-roast forms. Its even available at res- 
tions may be indicated. Often this involves elimi- ^ taurants in convenient single-service packages. 
nating favorite foods and beverages. But theres So your patient will have no problem maintain- 
one beverage these patients can ing your prescribed diet recom- 
continue to enjoy-coffee. mendation. 


Non-stimulating Sanka* Brand is 
ideally suited to many special 
diets. And more physicians recom- 
mend it than all other brands 


Sanka*Brand is 100% real coffee. 
But it is 9796 caffeine-free. Each 
cup of Sanka*Brand Decaffeinated 
Coffee contains just a fraction of 
the caffeine found in an equiva- 


of decaffeinated coffee combined. 
ient cup of regular coffee, so it 
does not exacerbate your patient's 


® 
underlying condition. Sanka 


And because Sanka*Brand tastes sa 
DECAFFEINATED COFFEE 
FOR PATIENTS WHO LOVE REAL COFFEE 
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Ww e Prevent Sudden Car 


EONARD N. HOROWITZ, MD 
OEL MORGANROTH, MD 


: Philadelphia, Pennsylvania 


The Problem in Perspective 


P Approximately 1.2 million Americans have an acute. 
. myocardial infarction each year. More than half die 


-before they reach the hospital and, of those who are 
hospitalized, another 10 to 15 percent die before hos- 
pital discharge. After discharge, 5 to 10 percent more 
die in the first year after infarction and an additional 
5 percent die annually thereafter. A substantial portion 
_ of these patients die suddenly. In the USA alone about 


—.... 500,000 sudden cardiac deaths occur annually (ap- 
p proximately l/min), accounting for about one-half of 
_ all deaths due to coronary heart disease. A significant 
reduction in the frequency of sudden cardiac death 
would be a singular achievement in modern cardi- 
ology. 


Major advances in cardiopulmonary resuscitation 


over the past 2 decades and the implementation of rapid 


-response systems in many communities have provided 
prompt medical treatment to many victims of out-of- 

ospital cardiac arrest. These innovations have saved 
many lives. Even in urban settings with the most ad- 
-vanced programs (for example, Seattle), however, only 
-20 to 40 percent of patients in whom resuscitative efforts 
are initiated are resuscitated from out-of-hospital car- 
-diac arrest and subsequently discharged from the hos- 
< pital.! Because 30 to 50 percent of such cardiac arrests 
are not witnessed? and because resuscitative efforts are 
-thus not initiated, the overall rate of salvage even in the 
best circumstances is less than 10 to 20 percent. Many 
< resuscitated patients remain at high risk for subsequent 
| cardiac arrest. 


From the Likoff Cardiovascular Institute, Hahnemann Medical College 
and Hospital, Philadelphia, Pennsylvania. Manuscript received June 22, 
1982, accepted June 24, 1982. . 

- Address for reprints: Leonard N. Horowitz, MD, Likoff Cardiovascular 
Institute, Hahnemann Medical College and Hospital, Philadelphia, 
wen 19102. 


Although significant advances have be 
pharmacologic, pacemaker and surgica 
malignant ventricular arrhythmias that proc 
arrest, the benefits of these developments | d 
primarily applied to the relatively small group 
tients who have survived cardiac arrest or who 
from episodes of symptomatic ventricular tachycarc 
However, most patients who have an unexpectec O1 
of-hospital cardiac arrest do not survive the ini 
rhythmia, and the full benefit of these therap 
vances will be seen only when they are applied p. 
spectively to patients who are destined toh 
threatening arrhythmia. due 

Identification of the High Risk P. 

Although sudden death can occur 
variety of cardiac diseases (cardiomyo 
heart disease, valvular heart disease, f 
coronary heart disease is the underlying ce 
than 80 percent. It thus receives particul: 
attempts to identify patients at risk forsu 
Nevertheless, about 50 percent of pa 
suddenly have no prior clinical evidence. of: 
nary heart disease. In these patients, risk f 
correlate with sudden death are cigarette sn 
ventricular hypertrophy, systemic hyperte 
vated serum cholesterol and diabetes mellit 
of overt coronary heart disease, whether an ri 
or prior myocardial infarction, has long bee 
be a harbinger of sudden death. The incidenc 
death is increased in patients with multiple 
infarctions, marked left ventricular. dys ul 
ventricular arrhythmias.? Because the risk « 
death is substantial after acute myocardial. 
and the infarction serves as a convenient ii 
most studies that have attempted to iden 
tively patients at high risk have concer 
tients with a recent acute infarction. - i^ 














mbulatory eee ee nic 
g to detect ventricular arrhythmias 
ing to detect left ventricular dys- 
‘rence of ventricular premature de- 
pecially if frequent and complex, in- 
id increase in the risk of sudden death 
year after infarction.*? When nonsus- 
ular tachycardia occurs in the early 
tion period, the mortality rate can be as high 


| us years.” 5.6 , Even greater adie exists when 





; inti a a ütiiset of postinfarction patients who are at 
very low risk of sudden death and do not require special 
h Yerapy. Similarly, patients with expected death rates 
Xf 10-25 percent per year can be identified. Despite 
heir high risk of having lethal arrhythmias, most such 
jatients survive; thus, use of further risk stratification 
might allow aggressive therapy to be directed only to 
hose patients at the highest risk. 


- invasive Testing for Risk Substratification 


_Electrophysiologic testing using programmed elec- 
trical stimulation has been proposed as a technique for 
achieving further risk stratification. Greene et al.? first 
suggested that responses to programmed stimulation 
light predict a subsequent occurrence of lethal or 
fe-threatening ventricular arrhythmias. Since their 
eport, this concept has been an issue of considerable 
yntroversy. Green et al. evaluated the predictive value 
repetitive ventricular responses (RVR) to pro- 
mmed extrastimuli in assessing risk of subsequent 
entricular arrhythmias. RVR have been defined as the 
urrence of 1 to 4 ventricular complexes after a paced 
itricular complex during normal sinus rhythm or 
ial or ventricular pacing. In their study, 48 patients 
acute myocardial infarction underwent pro- 
nm ed ventricular stimulation during atrial pacing. 
za 1 year follow-up period, 15 (79 percent) of 17 
‘manifesting RVR had ventricular tachycardia 
en death compared with 4 (14 percent) of 29 
| without RVR. The report of Greene et al. was 
nly one to show a high predictive value of RVR for 
sequent development of malignant ventricular 
s. Other studies? did not substantiate this 
‘hey showed RVR to be uncommon (less than 
:) during atrial pacing or sinus rhythm and the 
etween RVR and sudden death or ventricular 
not clinically useful. However, these latter 
not prospective and differences in patient 
| es might have accounted for the 
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aggressive occ of stimulation. in 100 patients. 
assess the concordance between RVR and prior history 
of ventricular tachycardia or ventricular fibrillation 
They found that the RVR was sensitive (92 percent) in. 
detecting patients with a prior history of malignant | 
ventricular tachyarrhythmias, but the test was not - 
specific (57 percent) and had a false positive rate of 43 Pss 
percent. E 

These two reports also further support work that lias 
shown a correlation between the initiation of sustained 
or nonsustained ventricular tachycardia and ventricular 
fibrillation by programmed ventricular stimulation and 
the clinical occurrence of these arrhythmias.!?13 In one 
report of 527 patients undergoing electrophysiologic 
studies for various indications, sustained ventricular 
tachycardia was induced by programmed stimulation 
in 95 percent of patients who had clinically documented. 
spontaneously occurring sustained ventricular tachy- 
cardia. À nonsustained ventricular tachycardia was 
induced in 62 percent of the patients who had that 
clinical arrhythmia.!? Ruskin et ai.!? reported similar 
results. In their study, ventricular tachycardia was in- 
ducible in 40 (91 percent) of 44 patients with sustained 
and in 10 (63 percent) of 16 patients with nonsustained 
ventricular tachycardia. In patients resuscitated from 
out of hospital cardiac arrest, ventricular arrhythmias 
are inducible by programmed electrical stimulation in 
64 to 84 percent of patients.!1*!5 Livelli et al.!4 reported 
comparable data. In their study, ventricular tachyar- 
rhythmias were induced in 70 percent of patients in 
whom these arrhythmias had been documented before 
electrophysiologic study. Moreover, programmed 
stimulation infrequently induced a more advanced 
grade of response than occurred spontaneously when 
the protocol was limited to single and double extra- 
stimuli. Until the work of Hamer et al.,!! however, these 
studies were not prospective evaluations but rather 
correlations of electrophysiologic studies with the 
known clinical arrhythmia history of the patient. 

Hamer and co-workers!! used programmed electrical 
stimulation to identify patients at especially high risk o 
for sudden cardiac death. Most of their patients would 
meet standard noninvasive criteria used to identify the — 
high risk subset, but the electrophysiologic study re- 
vealed within this group two subgroups with distinctly — 
different levels of vulnerability to ventricular arrhyth- 
mias. Sudden death occurred in 4 of 12 patients in whom __ 
programmed extrastimuli produced sustained ven- 
tricular tachycardia or nonsustained ventricular _ 
tachycardia lasting longer than five complexes, but it . 
occurred in only 1 of 25 patients who did not have these ..- 
responses. This study and others previously cited in- - 
dicate that the initiation of ventricular fibrillation or ~ 
ventricular tachycardia (sustained or nonsustained 
lasting more. than five complexes) by specific and well — 

timulation prot ocols including single and. 
dated w ith the nan " 







































































hodologic ea the aun d con- 
red. The results must be replicated in a larger group 
ients. Ideally, a method can be used to control for 
se of antiarrhythmic drugs during the follow-up 
od, which may have complicated the analysis of 
ortality. Further evaluation of the risk specificity and 
need to use higher stimulating currents is important. If 
this approach to the identification of patients vulner- 
able to malignant ventricular arrhythmias proves ef- 
_ fective, further clinically useful risk stratification of the 
. postinfarction patient will be possible. 
















Limitations of Electrophysiologic Testing 


Testing techniques vary considerably among elec- 
* trophysiologic laboratories, and these differences fre- 
“quently interfere with analysis of data from different 

. . centers. The results of ventricular stimulation depend 
^; in large part on such technical factors as the site of 
. stimulation, the number of extrastimuli, the rate of 

_ pacing during extrastimulation and the current strength 
.. and duration of the stimuli. These factors must be as- 

- sessed before the sensitivity, specificity and results of 

. any individual study are compared with those of other 
- studies. Increased sensitivity can be achieved by per- 
- "forming left ventricular stimulation; however, addi- 
tional risks are incurred with the use of arterial cathe- 
v terization. Similarly, sensitivity can be increased by 
using triple extrastimuli or high stimulating current 
- strength, or both; however, the effects on specificity 
have yet to be determined. 

Invasive electrophysiologic studies, even if accurate 
in identifying patients at risk of sudden death, have 
certain disadvantages. They are relatively time con- 

_. suming and require specialized equipment and per- 
- sonnel. The risk of electrophysiologic catheterization 
as well as the morbidity and potential mortality asso- 
ciated with programmed stimulation and induction of 

-— hemodynamically significant ventricular tachyar- 
rhythmias in a patient recovering from a recent myo- 
cardial infarction must be taken into account. Although 
these factors must be considered, if these procedures are 
performed by trained personnel in appropriate settings, 
the risks and potential morbidity should be low and 
acceptable. 

- Finally, if noninvasive risk stratification is possible, 
ds it necessary to further substratify risk, using invasive 
‘procedures, in a group with an overall predicted mor- 
tality rate of 25 percent a year? The answer depends on 
the available therapies for this group. If uniformly 
ighly effective and safe antiarrhythmic drugs were 
wailable, the answer might be no; however, such agents 
not now available. The cost-benefit analysis of both 
asive testing and drug treatment of this large patient 




















io must be considered. Currently, there is no- 
wer to the question of further risk: anm : 






‘After a E identification: of 
risk of sudden cardiac death, effectiv 
instituted. The most appropriate m 
therapeutic efficacy remains contro 
two most common approaches differ 
approach is based on electrophysiol 
the efficacy of antiarrhythmic dru; 
prevent the initiation of ventricul: 
by programmed stimulation, wherea: 
employs suppression of spontaneo 
rhythmias as judged by ambulat 
graphic monitoring or noninvasive 
testing, or both. Both approaches have he 
and supportive data. 

Electrophysiologic testing has been ape ; v 
regimens for patients with recare vent 
tachyarrhythmias and for patients. resuscitated rom 
out- of- hospital cardiac arrest. 14,16,17 Therapy i is based 


































































stimulation can senate ventricular Modernes 
and thus electrophysiologic testing can be used to £ assess 
efficacy of drug regimens. 1415 Ruskin et al. reporte: 
their experience in treating 31 such patients using t 
electrophysiologic technique.'4 In 19 of 25 patients i 
whom arrhythmias were inducible, drug therapy s 
pressed the inducible arrhythmia and these patien 
had no symptomatic arrhythmia in à follow-up p 
of more than 1 year. In those patients in whom 
rhythmia could not be suppressed, the mortal re 
from sudden death was 50 percent. Similar results ha 
been reported by others.!6 
Graboys et al.!? in this issue of the Journal suppor 
the approach using noninvasive methodology to eval 
uate suppression of spontaneous ventricular arrhyth 
mias. In their study, antiarrhythmic drugs were. give 
to patients with a history of sustained ventricul 
tachycardia or ventricular fibrillation with therapeuti 
efficacy defined as the elimination of repetitive forn 
of ventricular premature depolarizations and R or 
phenomena. In those 98 of 123 patients in whol 
suppression could be achieved, the annual mo: 
rate was 2 percent, whereas in patients in whom s 
pression could not be achieved, the rate was 44 perce 
Their data substantiate the concept that control of h 
grade or complex forms of ventricular arrhythmi 
assessed by noninvasive techniques reduces the 
dence of sudden cardiac death in patients who have 
prior clinically documented episodes of ventrii 
tachyarrhythmias. Although this study is unco 
and retrospective, it is important and provoca 
The importance of the observation of Grab 
is Res mue dence convincing e 














































ic siete to the | Saeni n pesos ui 
r tachyarrhythmia who does not have fre- 
nd complex ventricular arrhythmia during 
ry monitoring remains unclear in this protocol, 
xraboys and co-workers found few such pa- 
nally, these studies were performed in patients 
reviously documented episode of hemody- 
y significant ventricular tachycardia or ven- 
r fibri lation where the risk of reoccurrence is 
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T "e clinical significance of the repetitive ventricular 


E tion, where the o 









less, is unknown. 
While the studies of Hanes dt al 1! and Grabijs. 
al." and the data of Livelli et al.!? are provocative an 
appealing, they must be replicated and expanded before — 






these approaches can be recommended for routine use. a 
They do represent important steps toward the potential t. 





reduction in the toll of sudden cardiac death by primary — 
prevention and should stimulate further work to clarify | 
questions they raise. The most appropriate algorithm > 
to identify the highest risk patient who has survived an - 
acute myocardial infarction and to judge effective - 
therapy has yet to be written. ij 
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€ history of emergency cardiac care was outlined in 
keynote address by James Warren during the 13th 
esda Conference.! The expertise gained in coronary 
units was rapidly implemented i in the emergency 
1 and subsequently in the prehospital care of the 
atient with suspected coronary heart disease. Those 
advances have been facilitated by the availability of 
sophisticated communication systems and telemetry 
. in addition to a manpower pool of trained professionals. 
_ Having come to this advanced stage, what shall we do 
_ next? Where is the need? 
We perceive a great need for further advances at both 

e _ ends of the spectrum in the delivery of emergency care 
- in the field and at the bedside in the hospital. As an 
extension of prehospital care, the bystander or witness 
. isthe potential instrument for the earliest possible de- 
.. livery of life-saving health care. It is the bystander who 
. must be educated in cardiopulmonary resuscitation 
. (CPR). Such efforts are of proved value because they 
- have significantly reduced morbidity and mortality in 
.. the victims of “sudden cardiac death.” 2-4 The educa- 
_ tion of so many bystanders, be they relatives or unre- 
.. lated citizens, is an awesome but worthy task. It has the 
_ potential of saving 8 million lives over the next 2 dec- 
:- ades. 

== At the other end of the spectrum of care, we should 
| ous on the preparedness of the physician to render 
S life- -saving cardiac care. In principle, all of the elaborate 
.. Systems are intended to bring the patient to the hospital 
— for definitive care. The 13th Bethesda Conference ad- 
dressed the extraordinary resources that may be avail- 
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able to the physician, but one iss 
How do physicians, and in part 
in basic and advanced life süppo 
Herein lies a problem. Althougt 
sician interest has improved;? many 
adequately perform basic CPR, nx 
vanced life support measures. Althou; 
basic life support may be mandatory 
regulatory compliance, it is not widely p 
most physicians proficiency is unteste 
CPR was once considered only a technic: pi 
one that “anyone” could do. Indeed, increasing b 
awareness of CPR has led many physicians | 
this responsibility to nurses, paramedics and | 
Now, many find themselves embarrassed and tl 
ened when their patients, not to speak of t parai | 
personnel, appear to be more proficient in CPR th. 
physician. À testimony to the reality of this scenario 
that the paramedic is often regarded as a more reliak 
and competent provider of CPR in the prehospita 
riod than is the physician. This frequently injures 
professional pride of physicians and understandably 
The time has therefore come for us to: rejuvenat 
leadership role in CPR, not in the political sense b 
a technical skill. The recent advances of basic scie 
information in CPR should be paralleled by both 
terest and clinical leadership by the cardiologists wh 
after all, are the professionals most qualified by trait 
and experience in cardiac care. Such efforts may 
only improve current methods of delivering CP 
also expand the knowledge of hemodynamics : ant 
physics of this life-saving procedure. ie 
This issue is simple; the physician, and above 
cardiologist, should return to the classroom. Not 
should we expect the same performance standa: 
ourselves as we do of laypersons but unless we 
these standards we cannot be effective educator 
icians and researchers, the qualities that give u 
right to leadership. 
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spaced. Number each table in Roman numerals (Table |, Il, etc. ) 
and title each table. Identify in alphabetical order at the bottom : 
of the table all. abbreviations used. When tabulating patients, use 
no more than 2 lines, preferably only 1 line, per patient. Use a 
plus sign (+) to indicate positive or present; a zero (0) for neg- 
ative or absent, and a dash ct for “no information available" 
or “not done." d 
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With admiration and affection we dedicate this Sym- 
posium to Dr. Helen Brooke Taussig. 

The mother of pediatric cardiology, she has been our 
teacher, leader, counselor, colleague, and our inspiration 
as cardiologists and cardiac surgeons teamed up to learn 
together and work together to solve the problems in- 
herent in those born with malformations of the heart or 
major vessels. One by one these problems yielded, par- 
tially or completely, to the combined diagnostic-ther- 
apeutic onslaught. In the years since Dr. Taussig saw her 
dream come true, to turn a blue and breathless child 
into a pink and active youngster, thousands of blue 
babies and patients with other kinds of congenital heart 
disease have benefited and have matured to adult- 
hood. 


From the Department of Pediatrics, Division of Pediatric Cardiology, 
the New York Hospital-Cornell Medical Center, New York, New York* 
and the Division of Cardiology, Departments of Medicine and Pediatrics, 
anoo! of Medicine, University of California, Los Angeles, Cali- 
fornia. 

Address for reprints: Mary Allen Engle, MD, Department of Pediatrics, 
Division of Pediatric Cardiology, The New York Hospital-Cornell Medical 
Center, 525 East 68th Street, New York, New York 10021. 


Early in the period that followed the first dramatic | 


success of the Blalock-Taussig “blue baby operation,” 
Dr. Taussig began to collect data and to report regularly 
on the long-term results of that operation, carefully 
analyzing early and late results of surgery, mistakes in 


diagnosis and, as experience accumulated, making — 


recommendations for selection for operations and ad- 
vising on management. She continued this critical, 
ongoing survey of long-term effects of surgery until her 


retirement. In this way, too, she set a good example that — 
others have followed in managing and studying cyanotic | 
and noncyanotic anomalies, work that permitted the - 
kind of presentations that constitute this Sympo- - 


sium. 


We aim to present a realistic appraisal of problems — 


that some adults with postoperative congenital heart 
disease may encounter and at the same time to under- 
score the striking benefits derived from this cardio- 
logic-surgical approach to treatment. In this way we 
hope to serve the fine tradition of the great woman we 
honor in this Symposium by helping physicians cope 
effectively and knowledgeably with the rapidly ex- 
panding population of adults who have undergone 
cardiac surgery because of congenital heart disease. 
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One of the great satisfactions of medicine is being able to help those in need. | thank all my 
colleagues who have improved the lives of children, bringing happiness to them and their 


families. 


The never ending challenge of medicine is that there is always more to learn. | extend my best 
wishes to all who will continue to advance our knowledge and help the future generation. 
Helen B. Taussig 
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In 1939, Dr. John Hubbard, a Boston pediatrician, 
-diagnosed patent ductus arteriosus in a child, and Dr. 
— .. Robert Gross, a pediatric surgeon, ligated the duct. Dr. 
=- Helen Taussig conceived the idea of creating a “patent 
ductus” in cyanotic children suffering from deficient 
oe pulmonary blood flow. Five years later in Baltimore, she 
. . made the diagnosis of tetralogy of Fallot, and Dr. Alfred 
- Blalock, an experienced vascular surgeon, turned down 

as subelavian artery and sutured its end to the side of the 
pub monary artery, establishing the Blalock-Taussig 
anastomosis. Thus began a therapeutic era that brought 
— together cardiologists and cardiac surgeons in what 
«proved to be one of the most successful rehabilitation 
programs that medicine has witnessed. Two new disci- 
_. plines were created, pediatric cardiology and cardio- 
_ vascular surgery. These disciplines have long since come 
ige, and we are now obliged to look into the past to 
2e what we have accomplished and into the future to 
efine our ultimate goals. Immense technical resources 
of contemporary medicine are at our disposal, per- 
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mitting remarkably precise e anatomie and ooed 
cardiac diagnoses and astonishing feats of palliative and _ 
corrective surgery. Survival patterns have been affected, um 
often profoundly. 0 
What do we seek to accomplish with these form 
dable capabilities? 'The answer is clear: not me 
long-term survival, but improved quality of life. | 
surgery remains the most dramatic and useful her 
peutic intervention applied to patients with. cong n 
heart disease, but scd cures are en ang < 
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The common cardiac malformations are prevalent throughout the world, 

in countries of high technology and among the primitive races. These same - 
malformations were described 200 years ago, ectopia cordis 5,000 years. 
ago. Their recent increase is directly related to the advent of cardiac | 
treatment. Bs 

Most cardiac malformations known to man occur in the dog. The : 
prevalence rate of these malformations is the same in the dog and in man 
(5-8/1,000). Several of the malformations are heritable i in Ne breeds : 
of dogs, one in rabbits, another in rats. | 

These malformations occur in various animals that cannot interbreed. : 
Hence the deoxyribonucleic acid (DNA) that codes these malformations © 
must lie in that portion of the DNA common to all mammals. This suggests 
that these malformations occurred during the evolution of the Mam- 
malia. 

Mammals evolved from reptiles, animals with hearts of various struc- 
tures for the separation of arterial and venous blood. Although the “‘nor- 
mal" heart is the most compatible with mammalian life and hence the 
most common, some mammals may have evolved with a heart with dif- 
ferent structures for the separation of arterial and venous blood. Some 


of these hearts have persisted. These primeval hearts we call cardiac 


malformations of the cyanotic group. Malformations that apparently are 
arrests in the development of the normal heart (patent ductus arteriosus, 
atrioventricular canal) may represent stages in the evolution of the 
“normal” heart. Although teratogens and mutagens do exist, the author 
conceives of congenital cardiac malformations not as arrests or errors. 
in the development of a “normal” heart but as genetic variants. 


This paper is concerned with the origin of the common congenital cardiac 
malformations, any one of which frequently occurs as an isolated mal- - 


formation in an otherwise normal individual. Many of these cardiac 


. malformations also occur in association with specific syndromes. This | 
` .paper is not concerned with the mode of inheritance of these malfor- 
 mations but is primarily concerned with their etiology. It begins wi 
.. a historical review of cardiac malformations and the development of their 
surgical treatment. This in turn accounts for the apparent increase in 
. the number of patients with such conditions and the worldwide interest 
-ni them. Then the incidence of cardiac malformations i is given and a brief 
—. review of the evidence of some hereditary 
. presented. There follows a detailed report of the recent great contribu- - 
.. tion of the veterinarians to our knowledge of the subject. The paper closes . 
with a discussion of these various factors and gives the reason for my - 
conception that common. cardiac malformations may represent primeval 
ae hearts. : js : 
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iong t ‘the odiliest of süch t fexta : are 
iform tablets.? These clay tablets date f 







ancient tablets written in the first Babylonian dynasty. 
Thus they may represent knowledge of 4,000 years ago. 
According to Warkany;? the early Babylonians were 
sted in predictions, omens and divinations. 
g the events found useful for divination were the 
s of malformed infants.-^ Ballantyne,! whom 
arkany considered “a sound teratologist who also had 
< Assyriologic knowledge," translated a number of these 
tablets, among them the 55th, which lists 62 teratologic 
..* cases in man, along with prognostic statements. One 
|... divination of special interest to the cardiologist, trans- 
- * lated by Ballantyne in 1894, reads, “When a woman 
gives birth to an infant . . . that has the heart open and 
— -~ that has no skin over it, the country will suffer from 
- calamities.” Although most, if not all, of these recorded 
. malformations were anomalies visible to the naked eye, 
^ these tablets present clear evidence that malformations 
have occurred in man and animals for thousands of 
years. Furthermore, Ballantyne? thought that most of 
< the deformities could be identified with anomalies 
. known at his time, that is, at the end of the 19th cen- 
tury. 
~~ One of the early written records of an infant with an 
S ectopic heart was described by Neils Stensen® (Nicholas 
_ Steno, 1638-1686), a famous Danish physician and 
^. anatomist. In 1671 he wrote a detailed description of an 
.. embryonic monster with a gross malformation of the 
. heart that is generally considered to be a tetralogy of 
_ Fallot.? A translation of the article reported by Willius? 
states in part: 





"In particular the pulmonary artery, which is much smaller 
than the aorta... (when) opened I could see the commu- 
nication between the pulmonary artery and the aorta 
(ductus arteriosus) which is usually quite distinct in any 
fetus, was completely absent . . . From the right ventricle 
a a probe was passed . . . directly into the aorta... and just 
“> asreadily from the left ventricle into the aorta." 


-'Morgagni? (1688-1771), generally considered the 
_ father of pathology, described several cardiac malfor- 
- mations including a ventricular septal defect, a single 
.. ventricle and a tetralogy of Fallot with an atrial septal 
defect. LaCat? in 1749 described three types of foramen 
ovale. Eduardus Sandifort!0- (1742-1814) was a re- 
> < markable Dutch physician, “justly celebrated as an 
. anatomist, a linguist, and a teacher." In 1777 he wrote 
E Observations on Anatomical Pathology. Chapter 1, 
. “Concerning a Very Unusual Malady of the Heart" 
" ` (translated by Bennett!! and summarized briefly by 
. ." Taussig. !?), was devoted to a detailed description of the 
. Clinical and pathologic characteristics of tetralogy of 
Fallot.. 
_. On reading the translations of such articles one can- 
-not fail to be impressed by the sound knowledge of 
natomy and pathology in the 17th and 18th centuries. 
the beginning of the 19th century a number of 
'endiums on congenital malformations of the heart 
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the 7th century: B.C. and are believed to be copies. of 


en written.? By the middle of the 19th century - 
gl first. edition. of Congenital : 





ventriéular septal defect. Thirty > ye 
vation was confirmed at autopsy | 
named the malformation “La maladie 
Before the close of the 19th century 
become an important branch of medicine. 
congenital malformations of the heart interested 
pathologists, notably Rokitansky a 
large physicians were satisfied to d 
genital heart disease from rheumatic 
which was then rampant. Maude Abbott ( 
encouraged by Sir William Osler, undertook a stud 
the vast collection of malformed hearts in the patho 
museum of McGill University. This started he 
interest in congenital heart disease which 
in her famous atlas!" of 1,000 cases of. which 
personal knowledge. “ieee 
























































The Surgical Era - 


The first successful ligation of a patent. ductus 
riosus by Gross and Hubbard? initiated the surg 
treatment of congenital malformations of the hear 
1939. Almost immediately other thoracic surge 
started to operate on patients with persistent pate 
of the ductus arteriosus. Gross, Crafoord and Blaloc 
became interested in the problems posed by coarc: 
of the aorta. In the fall of 1944 Gross and Hufnagel!? an 
also Crafoord and Nylin”? independently reported: 
successful end to end operation for correcHon 9 
coarctation. y 

These reports were overshadowéd 3 in the wale 
1944-1945 by the development of the Blalock-Taussi 
operation.?! 'The ability to change a deeply cyanoti 
patient's color to a normal pink in the operating root 
fired the interest of physicians and surgeons as well ; 
the hopes of parents and patients throughout the worl 
Physicians, surgeons, parents and patients flocked t 
Baltimore. Within the next 4 years Blalock and his a: 
sociates at The Johns Hopkins Hospital operated: 
more than 700 children, and nearly three times t 
many were examined in the Pediatric Heart Cli 
During these years a number of surgeons learne 
technique and some developed other method 
crease the circulation to the lungs. The most : 
of these were the operation of Potts et al.22 
rect (though blind) attack on infundibular stet 
Sir Russell Brock.?? | 

Between 1945 and 1955 great advances were 1 
both the diagnosis and the surgical relief of con 
cardiac malformations. The advent of cardiac 
terization and its refinement as a diagnostic too 
late 1940s greatly increased the accuracy of di; 
and our understanding of the physiology of mal 
tions. The development of angiocardiography 
perfection of that technique eI accur: 
eation of the structure of the heart. 
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he inp o vEsgenator i in a 1953- 1954, open heart sur- 
sery became possible and many intracardiac malfor- 
mations could be repaired, notably ventricular septal 
defect and the tetralogy of Fallot. Soon it was possible 
to correct or alleviate almost all cardiac malformations. 
As an increasing number of these conditions became 
amenable to surgery, more and more patients sought 
medical and surgical help. During my travels physicians 
showed me patients with tetralogy of Fallot in every 
country I visited: England, the Netherlands, Scandi- 
navia, Germany, Italy, Greece, India, Ceylon, Indonesia, 
the Philippines and, later, South Africa, Japan and 
China. 

.. In 1954 the Second World Congress of Cardiology met 
. in Washington, D.C. The interest in congenital heart 
disease focused on the malformations then amenable 
to surgery. Each panelist had been asked in advance to 
present the number of such patients he had seen or had 
knowledge of. Table I shows the results. At that time 
these numbers were impressive, especially when one 
ecalls that 10 years earlier physicians and surgeons had 
ttle interest in congenital malformations of the heart. 
the mid 1950s the attitude of the medical profession 
also that of the patients had changed. Physicians 
. more sophisticated in the recognition and di- 
is of congenital malformations, aided by the rapid 
inprovemeht i in diagnostic techniques. As the nature 














25  Endocardial cushion defect 3 
19 Patent ductus arteriosus and 3 
ventricular septal defect 

8. Mitral regurgitation — 2 


France — 420 — 
Argentina 94 130 — 
USA — 3433 2657 oe 


eration (pulmonary valvotomy); B-T = Blalock-Taussig shunt; PDA = paient ductus arteriosus. 





of the various malformations came to be understood and _ 
diagnosed with a high degree of accuracy and the sur- - 
vical techniques improved, new operations were devised. © 
By 1980 almost any patient with a cardiac malformation — 
in need of help could be helped by surgery. The conse- — 
quences are twofold: (1) The number of patients with 
heart murmurs referred to cardiac centers, for possible 
surgical help has greatly increased; (2) the number of- 
patients who have had the benefit of surgery is steadily 
increasing. All of these patients require careful follow- 
up for many years. Consequently the number of patients 
under observation in cardiac centers is steadily and 
rapidly 1 increasing. There is, however, no evidence of any - 
recent increase in the incidence of cardiac malforma- 
tions out of proportion to the growth in the popula- 
tion. 


International interest 


The sudden interest in congenital cardiac malfor- 
mations immediately aroused interest in their occur- 
rence in various parts of the world. Schrire,?*?5 at the 
Groote Schuur Hospital in Capetown, South Africa, 
found that most of the common congenital malforma- 
tions occurred “in similar proportion” among the white, 
Capetown colored and the Bantu. In a study of black 
school children in Johannesburg, McLaren et al.*6 
concluded that congenital heart disease was as common 
in the black community as among the whites. Van Horst 
et al.27 in a study of the Bantus reviewed 117 cases of 
congenital heart disease proved at operation or autopsy. 
They found the three most common malformations 
were patent ductus arteriosus, tetralogy of Fallot and. 
ventricular septal defect. These constituted 63 percent. 
of the cases; the remaining 37 percent were scattered | 
among the various congenital malformations (Table ID. 
'Tranposition of the great arteries was not frequently 


Maltormátion m s seen, probably because most infants with severe cardiac 
| ——— | defects seldom lived to be brought to the hospital. 
30  Dextrocardia complex 3 Caddell and Conner?? reported the types of congen- 


ital malformations seen among 44 Ugandan children 
between the ages of birth and. 12 years. Caddell and. 
Morton?? undertook a similar study of 67 children in 
Yoruba. The two small studies are remarkably similar 
to one rage ( ‘Table Hp. These PO ii e con- 


Teen iem Africa 


“Yoruba, West Nigeria?? | 
(67 consecutive Leste MD NM 


: Malformation 


Ventricular septal 
defect — 
Patent ductus 
` arteriosus | 
Atrioventricularis - 
communis 
Pulmonary stenosis 


Tricuspid atresia or 
stenosis 
Dextrocardia 
Tetralogy of Fallot 
~ Aortic stenosis 
. Aortic atresia 
Transposition of the great 
arteries 
Totai anomalous pulmonary 
venous return 
Diagnosis unknown 


onary atresia 


ortic stenosis 
fricuspid atresia 
\ortic atresia 
alogy of Fallot 
nomalous coronary 
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| ‘Diagnosis uncertain 


no o difference between the pattern of congenital heart 
. disease in Jamaica and that in other countries. 
. In Singapore, where the Chinese population is large, 
— Muir?! reviewed 19,415 consecutive, unselected autopsy 
^. cases and found a total of 441 cases of congenital cardiac 
^. defects. In 400 of these, the patient was a Chinese citizen 
_ (Table IV). He found a remarkable similarity in the 
. types and frequency of malformations to those of other 
published series. 
- - Tofler?? studied the prevalence of congenital cardiac 
.. malformations in the children of the aborigines of 
_ Australia admitted to the Princess Margaret Children's 
Hospital in Perth between 1957 and 1973. This study 


. Clearly showed that at least seven of the common cardiac 


malformations occur in the aborigines of Australia 
'able V). Tofler commented that no infant was seen 
th complete transposition of the great arteries, 
obably because these infants did not live long enough 
be brought to the hospital. He also calculated that 
ngenital heart disease was as common among the 
Iborigines as in the general population.” 
. Harvald and Hels?? studied the incidence of con- 
enital cardiac malformations among 773 children born 
«skimo mothers in Godltraab, Greenland from 
January 1, 1957 through 1964 (Table VI). All children 


BLE V 


genital Cardiac Malformations in the Aborigines of 
strate” (34 cases between 1957 and 1973) 


“Malformation IM S Cases (n) 
a septal defect. B 15 
atent ductus arteriosus 
trial septal defect 
lox 


5 
4 
2. 
1 


arteriosus 
Ventricular. septal 
defect | 
Atrial septal defect 
Tetralogy of Fallot 
Pulmonary stenosis. 
Tricuspid atresia 


stenosis 


were more than 1 vear of age at the time of t 

1967. Fourteen children (1.9 percent) w 

have some type of cardiac malformatii 

four cases the diagnosis was not clear, ne 

showed that Eskimo children do have co 
formations of the heart. These authors à 
Greenlandic Eskimos were probably descended 

a race originating in the East but have lived f 
than 5,000 years in an environment "very much diff 
ent" from that of East Asia. 

Wollooppillai and Jayasinghe? reviewed. the 
genital cardiac malformations in patients admitted 
the Cardiac Institute Unit of the General Hospi : 
Colombo in Ceylon. The three most common ma 
mations were atrial septal defect, ventricular sept 
defect and patent ductus arteriosus (Table y 


TABLE VI 


Congenital Cardiac Malformations in Children Boni to 
Greenlandic Eskimo Mothers Between 1955 and 1964* 


" Malformation 


Ventricular septal defec: 

Ventricular septal defect or pulmonary. stenosis 

Atrial septal defect or ventricular septal defect 

Pulmonary stenosis 

Pulmonary stenosis or endocardial fibroelastosis 

Complex malformations with pulmonary atresia 
(autopsy) : 

Total 


TABLE VII. 


Congenital Cardiac Malformations (in order of frequen 
Seen at a General Hospital in Colombo, Ceylon?” 


Atrial septal defect 
Ventricular septal defect 
Patent ductus arteriosus 
Truncus arteriosus * 
Tetralogy of Fallot 
Dextrocardia ace 
Ebstein's anomaly of the tricuspid Vi 
| Tipe ba | 








C vitres Reporting Rarity of Aortic Stenosis and 
ation of the Aorta 





Patients Aortic Coarctation of 
(n) Stenosis Aorta 





0 4 
322 1 1 
132 3 0 
356 0 Rare 
Very rare Very rare 


authors commented that truncus arteriosus was un- 
; isually common and occurred twice as often in males 
as in females and that coarctation of the aorta and aortic 
stenosis, although common in the Western countries, 
as rare in Ceylon. 

Pai and Varkey made a prospective study of 200 
with congenital heart disease admitted to a 
ospital in South India (Table VIID. Fifty 
it of the patients were under 12 years of age and 
5.percent were more than 20 years old. These 
re compared with those of five other Indian 
ix showed that atrial and ventricular septal 
ralogy of Fallot and patent ductus arteriosus 
more than 60 percent of the cases. The re- 
Te 2 scattered among the various less common 
ons. Aortic stenosis and coarctation of the 
ch accounted for 2 percent of Pai and Varkey's 
e other five reports aortic stenosis and 
f the aorta appeared to be less frequent but 
ncidence was difficult to determine. 

n, reporting on 92 cases of congenital heart 
tive Americans, concluded that the overall 
congenital heart disease in the newborn 
was the same as in other studies. However, 
erence in the incidence of specific mal- 
g ethnic nam d prc pre that 









































genetic, and ET that ie ie ut of incide 
to that in the Asiatic countries was related to the e 
cestral origin of the native Americans from the Asiatic. 
mainland. i 

In brief, these studies clearly show that, although the : 
incidence of specific malformations may vary from 
country to country, continent to continent or race to 
race, the common cardiac malformations are prevalent 7 
throughout the world. P 






























































incidence and Genetics 


The sudden surfacing of congenital cardiac malfor®. 
mations aroused great interest in the incidence of mal- 
formations in the general population and in their eti- 
ology. Stamler*? reported a prevalence rate of 5. 4 

8.3/1,000 for congenital cardiac malformations in 
seta infants and an incidence rate of 2.1/1,000 in 
elementary schoolchildren. Subsequently Mitchell et 
31.9 made a careful cooperative epidemiologic study of 
50,109 babies and reported an overall incidence rate of 
8.14/1 000 births. Furthermore, they found virtually the 
same incidence rate among the black population as in 
the white: 8.1/1,000 in blacks and 8.3/1000 in whites. 
The generally accepted range for the rate of cardiac 
malformations at the present time (1981) is 5-8/ 
1,000.44 

Familial and genetic factors: Almost all cardiolo- 
gists who have observed several hundred children with 
congenital heart disease have cared for families who had 
two or more children with different types of cardiac 
malformation. Many physicians have seen an occasional 
family in which either two children or the parent and 
child had the same malformation. In addition, a history 
is frequently obtained of cardiac malformations in the 
near relatives of a family whose child has a cardiac 
malformation. 

Between 1950 and 1976 several studies were made 
concerning the familial aggregation of cardiac malfor- 
mations, taking as the proband case the first child in a 
family to be born with a cardiac malformation. Åc- 
cording to Neill“ several large studies in the United 
States and Great Britain showed the prevalence rate ol f 
cardiac malformations among the siblings and near 
relatives of such a child to be 1.5 to 5 percent, a figure 
significantly higher than that in the population at large. 
A similar large study by Mori et al.^? in Japan reported 
the occurrence among the close relatives of a proband 
case was 2.1 percent. Szabo*® reported a large num- 
ber of ventricular septal defects in a family from Is- 
rael. 

McKusick, 4 along with his co-workers, has. con- 
tributed greatly to our knowledge of heritable diseases 
and syndromes. In many instances he has determined 
the mode of inheritance. His Tamous pu of the 
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ill edi Wien several excellent articles on the 
rious facets of the genetics of congenital heart dis- 
se: a review of chromosomal alterations, deletions and 
translocations,” malformations as part of heritable 
syndromes, and those related to abnormal sex chro- 
1osomes.?99? She tabulated syndromes with their as- 
ociated defects and their mode of inheritance. She also 
iscussed the mode of inheritance of congenital cardiac 
. malformations, familial aggregations, twin studies, 
.. animal homologues and family counseling.?? She ana- 
lyzed and estimated the risk of inheritance in specific 
.. Septal defects (atrial, ventricular and endocardial 
.. cushion defects) and discussed the interplay of genetic 
-> predisposition with some environmental trigger.9? Her 
_. articles contain an extensive bibliography on the genetic 
"aspects of these malformations in man. 
... These and similar reports clearly indicate a con- 
b. - sensus of opinion on the existence of a genetic factor 
$n the etiology of congenital cardiac malformations. 
_ Indeed, in many instances the mode of inheritance has 
| been determined. Nevertheless, many investigators 
believe that an environmental factor must trigger the 
^^ production of the malformation. 
-< >> Environmental factors: Nora?! advanced the hy- 
^. pothesis that cardiac malformations can be explained 
_ on the basis of multifactorial inheritance. He postulated 
that a certain combination of environmental factors 
. may interact on a specific genetic composition of an 
Individual and may not be harmful, whereas multiple 
=: factors such as smoking, plus alcohol, plus air pollution, 
-+c plus drugs may interact with a specific genetic compo- 
_ sition and cause a cardiac malformation. This concept 
has led to a number of studies in search of the combi- 
mation of environmental factors responsible for cardiac 
malformations. Ferencz et al.6? studied the ingestion of 
‘hormones by the mother during the first trimester of 
‘pregnancy and the occurrence of cardiac defects of the 
conotruncal type in the offspring and found no relation 
etween the two. Nevertheless, their studies suggested 
the possibility of interaction of hormones with other 
environmental agents, such as excessive smoking or 
alcoholism, which might affect the offspring. These and 
_other similar studies are being pursued. 
"It seems to me unlikely that any combination of fac- 
tors such as alcohol, drugs or pollution in the daily life 
of a community in one country could be responsible for 
the occurrence of the same malformations on the op- 
site side of the world, and even less probable that such 
ctors were in any way responsible for the same mal- 
"n ations that occurred more than 200 years ago. 


































| re Malformations i in Animals 


h ught that cardiac | : E | “gi 
the animal world. : | af " 








'allo The: occasional dog susp 
ductus arteriosus was regard e 
phenomenon of scientific impi 
were aware that some dogs had an 
earliest report of a ventricular ; sep: 
published in 1885, and the first repo: 
arteriosus in a dog in 1899.62 Becat j 
done for such dogs, little atten! 
malformations. j 

D. K. Detweiler, a veterinaria: 
University of Pennsylvania V 
considered the father of veterina 
early 1950s he became interestet am 
animals and found that many il 





































were frequently caused by heart fail : 
tensively on the eevee and thet 1 en 




























conduction disturbances. 
The lack of interest in cardiac alioa 1s 
imals before Detweiler's reports is shown by th 
ability of Patterson? to collect more than 94 repo 
congenital malformations of the heart and vasculi 
system in animals in the medical and veterinary. lite 
ature between 1800 and 1958, not including 10 r 
from the University of Pennsylvania. Thé treme 
interest in and successful treatment of congenita 
diac malformations in children awakened the ij 
of the veterinarians in similar conditions in ani 
Between 1958 and 1965, Patterson reported that: 
dogs were treated at the University of Pennsylvan 
Veterinary Clinic for a variety of cardiac malformatior 
In addition he culled 152 other published reports. Th 
during this 8 year period a total of 423 dogs with c 
genital malformations of the heart were reported i 
Prevalence of congenital heart disease in t] 
Between 1958 and 1960 Detweiler and his associa 
studied the prevalence of spontaneously occurrin 
disease in dogs of all ages treated at the Unive 
Pennsylvania Veterinary Clinic. They « 
screened 3,000 dogs.* 'The dogs were classified : 
no heart disease, heart disease, possible heai 
or potential heart disease (severe anemia or hear 
in the bloodstream but the dog not apparently ill 
found 290 dogs with heart disease. Fifteen of the 
had congenital heart disease: pulmonary ste 
patent ductus arteriosus in 4, aortic stenosis in 
septal defect in 1 and tetralogy of Fallot in- 





* The scroening examination included auscu te 

























































Cases 
dm 
82 
57 
40 
23 
20 
ot FE 11 
iatrial septal defect ünciuding 12 
patent foramen ovale) 
ersistent left cranial vena cava 13 
itral insufficiency 9 
rdial anomalies 
ericardial diaphragmatic hernia 3 
Absent pericardium 1 
nplete pericardium 1 
arial anomalies 
Retroesophageal right subclavian artery 1 
parate origin of right subclavian artery 2 
— from ascending aorta 

‘Ebstein s anomaly of the tricuspid valve 1 
Tricuspid insufficiency 1 
‘Double outlet right ventricle 1 
Anomalous. pulmonary venous drainage 1 

-< Gonduction disturbance without gross malformations 
.. Right bundle branch block 2 
^ Wolff-Parkinson-White Syndrome 1 
* Arteriovenous fistula 1 
um Teonpietely diagnosed 42 
ux To fal* — 325 





pu More than one malformation was found in 32 of the 290 dogs. 
..t "Right. aortic arch" in the veterinarian literature is synonymous to 
‘vascular ring" in medical literature. 

_ Data reprinted courtesy of Donald F. Patterson and the American 
eae ‘Association, inc. (Circulation Research, 19689"). 


anong a a total of 3,000 dogs examined, 15 had some type 
if congenital cardiac malformation, a prevalence rate 
f 5/1,000. Subsequently, they® extended their study 
iclude 4,831 dogs and obtained essentially the same 
'wenty- seven dogs had cardiac malformations, 
)revalence rate of 5.6/1,000. Mulvihil and Priester®® 
t le same prevalence rate (roughly 5/1,000) in 
of the medical records of 138,921 dogs, ob- 
m 12 university veterinarian clinics in the 
tes and Canada. 
of congenital cardiac lesions in animals: 





erinarian. Therefore it is natural that more 
malformations have been reported in dogs than 
mals. D. F. Patterson, a veterinarian gene- 
University of Pennsylvania School of Vet- 
icine, has been a pioneer and is a leader in 
cardiac malformations in dogs. He has 
rtually every malformation known to occur 
een reported in the dog.9? Table X lists the 
rmations. seen in dogs at the University 
Veterinary Clinic between 1953 and 
ists ad ditional malformations that 






















yrobably the animal most frequently brought 


vh Bumber of types of cardiac obese perfort 






| Eisermanger complex - 
Taussig-Bing - " 6 
Coarctation of the aorta | 68 








Persistent truncus arteriosus : 69 -— 
Pseudotruncus arteriosus 70. | 
Endocardial fibroelastosis R2 een te 
Ectopia cordis. and tetralogy of Fallot | UTE S 
Vascular ring’ — — 79.7 x 
Transposition of the great arteries and 74 .:. 00 
anomaly of pulmonary venous return E. 
Anomalous coronary artery : 75 
Aorticopulmonary septal defect | 76 


* Vascular ring is frequently reported as “right aortic arch" in the | e. 
veterinarian literature. | du 








TABLE XII 
Variety of Cardiac Malformations in a Variety of Animals . 
Malformation Species Reference 
Left coronary artery from Calf 77 
pulmonary artery 

Triscuspid atresia Lamb 78 

Vascular ring and a ventricular Horse 79 
septal defect 

Double outlet right ventricle Cat 80 

Ebstein's anomaly of the Dog 81 
triscuspid valve 

Uhl's malformation Mink 82 

Ectopia cordis Cow 83 

Atrial septal defect and Mouse 84 
cleft palate 

Vestigial pulmonary artery Rabbit 85 
and pulmonary atresia 

Arteriovenous fistula Cattie 86 

Subaortic stenosis Pig 87 

Biloculate heart Guinea pig 88 


imals (Table XII). Anomalous origin of the left coronary 2 
artery from the pulmonary artery was reported in a 
calf,”” tricuspid atresia in a lamb and foal,"? vascular . 
ring in a horse,?? double outlet right ventricle in a cat,90 
Ebstein’s anomaly of the tricuspid valve in three unre- 
lated breeds of dogs! Uhl's malformation (partial ab 
sence of the right atrial and ventricular muscle) in 
mink,?? ectopia cordis in the cow,®? the combinatic 
an atrial septal defect and cleft. palate i in the mouse 
and atresia of the pulmonary artery in the rabbit, ar 
teriovenous fistula in a bovine heart, subaortic stenosi 
in the pig? and a biloculate in a guinea pig.Chickens?? . 
and pigeons?" have been reported to have congenital | 
cardiac malformations. Although these latter two ob- . 
servations are important, they are only briefly men 
tioned, because this report is primarily concerned w 
mammals. 
Although this review of the veterinarian Kteraturé 
not complete and no attempt has been made to. rev 
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COMMON CARDIAC MALFORMATIONS: DEVELOPMENTAL OR VARIANT? TAUSSIG 


TABLE XIII 
Cardiac Malformations in Addition to Patent Ductus Arteriosus, Ventricular Septal Defect and Tetralogy of Fallot Reported in 


Horses, Cattle and Cats 








Horses Cattle Cats 
Refer- Refer- Refer- 
Malformation ence Malformation ence Malformation > ence 
Patent foramen ovale 91 Eisenmenger complex 83 Pulmonary stenosis 92 
Atrial septal defect 91 Ectopia cordis 83 Aortic stenosis 92 
(primum) 
Truncus arteriosus 91 Double outlet right 83 Right aortic arch 92 
ventricle 
Single ventricle 91 Cor pulmonale 83 Atrial septal defect 92 
Malformations of the 91 Tricuspid atresia 83 Atrioventricularis 92 
great arteries communis 
Duplicate cranial venae 91 Transposition of the great 94 Endocardial fibro- 71 
cavae arteries and ventricular elastosis 
septal defect 
Vascular ring and ventricular 79 Transposed aorta and 97 Double outlet right 80 
septal defect pulmonary atresia ventricle 
Pulmonary stenosis and 93 Arteriovenous fistula 86 Patent ductus arteriosus 95 
ventricular septal defect and pulmonary hypertension 
Ventricular septal defect 96 Anomalies of the 77,98 Cor triatriatum 108 
and tricuspid insufficiency coronary arteries 


not sporadic malformations is indicated not only by the 
variety of malformations found in dogs, but also by the 
variety of malformations reported in other animals. 
Detweiler and Patterson?! reported 28 malformations 
in 26 horses. Fisher and Pirie8? reported cardiac mal- 
formations in 12 percent of the cattle they examined. 
Bolton and Liu’? in their review of congenital heart 
disease in the cat listed nine different types of malfor- 
mations. All three reports included patent ductus ar- 
teriosus, ventricular septal defect and tetralogy of 
Fallot. The additional malformations reported in these 
studies are listed in Table XIII. In addition, Van Nie?’ 
examined 50,748 bovine hearts from a slaughterhouse 
and found 38 instances of anomalous origin of the cor- 
onary artery (that is, 1 case in 1,378 autopsies). Suffi- 
ciently large studies of other animals have not as yet 
been done to determine the types of cardiac malfor- 
mations or their incidence in various species. 

The common cardiac congenital lesions in ani- 
mals: Patterson studied dogs extensively in regard to 
the prevalence of cardiac malformations, the predis- 
position to specific types of malformations in the various 
breeds of dogs, and the genetics of these malformations. 
He found the prevalence rate for cardiac malformations 
in dogs presented at the Veterinary Clinic to be 6.5/ 
1,000 with no significant difference between the rates 
in males and females?" except for patent ductus arte- 
riosus. As in man, this malformation affected a pre- 
ponderance of females. Furthermore, Patterson? found 
that, in order of frequency, the six most common cardiac 
malformations in dogs were patent ductus arteriosus, 
pulmonary stenosis, aortic stenosis, right aortic arch, 
ventricular septal defect and tetralogy of Fallot. 

Patent ductus arteriosus is probably the easiest 
malformation to diagnose clinically with a high degree 
of accuracy. Pulmonary stenosis and aortic stenosis 
frequently cause symptoms; hence animals suffering 


from these conditions are brought to the veterinarian. - 
A right aortic arch often causes symptoms in dogs be- j 
cause when the aorta arches to the right it passes be- - 


tween the trachea and the esophagus and the ductus 


persists on the left, thus forming a vascular ring that — 
causes difficulty in swallowing at an early age. Ven- - 
tricular septal defects may be more common than this — 
study indicates because small ventricular septal defects — 
are asymptomatic and many a puppy with a large ven- - 
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tricular septal defect may die of heart failure before it — 


reaches the veterinarian. The tetralogy of Fallot, al- 


though comparatively rare, generally causes respiratory - 
distress, shortness of breath and cyanosis; hence the 


dog's owner seeks help. 


Atrial septal defects are known to occur in dogs but, - 
because many such defects are asymptomatic with - 
minimal clinical signs, they are infrequently seen by 
veterinarians. Coarctation of the aorta is considered ~ 


comparatively rare in dogs.®8 Although the condition 
can be diagnosed readily by determining the blood 


pressure in the fore and hind legs, it is seldom symp- - 


tomatic and may easily be overlooked. Transposition 
of the great arteries is seldom seen by veterinarians 
because animals with this malformation rarely live to 
reach a doctor. Indeed, the mortality rate from trans- 
position of the great arteries and other severe cardiac 
malformations must be extremely high among animals 
in the wild, perhaps so high that these malformations 


may have been deleted from a number of species. Fer- — 


encz/* reported one rare case of a dog with transposition 
of the great arteries compensated by an anomalous 


pulmonary venous return to the right atrium. Both — 


transposition of the great arteries and ectopia cordis 
have been reported in calves. The farmer who breeds 
cattle knows when his cows calve and is keenly aware of 
the condition of the newborn calves. This situation il- 
lustrates that the types of malformations in the differ- 
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— TABLE XIV 

. Breed-Specific Predisposition to Cardiac Malformations in 
__ the Dog 
f 3 Breed 
= Poodle 


Collie a Patent ductus arteriosus 
Pomeranian 


Malformation 


English bulldog Pulmonary stenosis 
Fox terrier 
Chihuahua 


Beagle 


German shepherd 
Boxer Subaortic stenosis 
Newfoundland 


German shepherd 
lrish setter 


Keeshond 
= * Data courtesy of Donald F. Patterson. 


Right aortic arch 


Tetralogy of Fallot 
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Fent species that are reported to the veterinarians depend 
not only on the severity of the symptoms but also on the 
. value of the animal to its owner. 
_ Genetic factors: Many kennels specialize in raising 
. different breeds of dogs. Dogs have been bred for hun- 
. dreds of years for various purposes. At first, dogs were 
.— bred for hunting and guarding the home. 'The Alaskan 
| — huskies were bred for strength and for their ability to 
— endure cold. Later, dogs were bred for size and dispo- 
_ sition, for specific types of hunting and retrieving, and 
then for color, type of fur, shape of head or length of 
. nose. No thought was given concerning physical defects, 
far less to congenital cardiac malformations. Conse- 
quently, if a dog of the breeding stock of a kennel had 
a cardiac malformation, that malformation became 
- inbred into that strain. As a result of the inbreeding, the 
- incidence of cardiac malformations in purebred dogs 
- became higher than that in mixed breeds. 
E = Patterson” studied the incidence of the common 
cardiac malformations in 12 purebred dogs seen at the 
D University of Pennsylvania Veterinary Clinic. His 
pending: clearly showed that certain breeds of dog have 
a large incidence of a specific cardiac malformation 
"à "(Table XIV). Mulvihill and Priester® in a similar study 
in 1973 confirmed Patterson’s findings and reported 
other purebred dogs with a predisposition to other 
Bi ardiac malformations. 
. Thus the various breeds of dogs represent genetic 
$ isolates in the same way that the Amish and native 
E Americans are genetic isolates, although they are by no 
means pure breeds in comparison with the Bar Harbor 
. mice or some other small colonies of laboratory animals. 
E Purebred dogs do, however, permit genetic studies that 
are not possible in man. 
E. Patterson? studied the heritability of several con- 
-~ genital cardiac malformations in dogs. The following 
"t paragraphs briefly summarize his early classic genetic 
. studies. The control study consisted of seven matings 
-. between dogs of common breeds with no evidence of a 
-= cardiac malformation and with no known relation to 
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dogs with any cardiovascular malformation. In all, 49 
pups were born, 20 males and 29 females. All had a 
clinically normal heart. Forty-five were proved to be 
normal at autopsy and the remaining four clinically 
normal dogs were kept for breeding. 

The heritability of persistent patency of the ductus 
arteriosus was studied by mating a variety of poodles 
with an isolated patent ductus artericsus to normal 
poodles and one beagle, all unrelated for five genera- 
tions to other dogs used in the studies. Ten matings 
produced 36 offspring. Two died before 1 week of age. 
Each had a large patent ductus, and signs of patent 
ductus developed in 21. Six of the 21 pups had surgical 
ligation of the ductus arteriosus. Of the 15 pups not 
treated surgically, 9 died of pulmonary congestion and 
edema. The remaining four had typical signs of a patent 
ductus arteriosus. Postmortem examination of the 11 
affected pups showed patency of the ductus arteriosus 
at autopsy. 

Pulmonary stenosis was studied in beagles. The 
matings included an affected beagle with a normal 
beagle, and an affected beagle with two females born of 
matings between an affected male and their mother and 
two other normal beagles with an unknown family his- 
tory but not related to each other or to affected dogs 
within four generations. Of the 41 offspring of seven 
such matings, eight had valvular pulmonary stenosis 
proven by catheterization or autopsy. None of the re- 
maining offspring had any malformation of the car- 
diovascular system. 

The incidence of subaortic stenosis in a family of 
Newfoundlands was studied in a different manner. 
Among the 64 Newfoundlands presented at the Uni- 
versity of Pennsylvania Veterinary Clinic over an 8 year 
period, four had subvalvular aortic stenosis and one had 
valvular pulmonary stenosis. All came from different 
owners with no prior knowledge of other affected dogs. 
Three of the four dogs with subaortic stenosis and the 
one dog with pulmonary stenosis were subsequently 
found to have come from the same kennel. The breeding 
stock of this kennel (14 dogs) and selected litters were 
all screened for cardiovascular disease. The diagnosis 
of congenital heart disease was made in 33 dogs. One 
pup had pulmonary stenosis, one had a diverticulum of 
the membranous ventricular septum, and the other 31 
dogs were diagnosed as having subaortic stenosis. The 
diagnosis was confirmed at autopsy in 17 cases and by 
cardiac catheterization in 5. In the remaining nine dogs, 
subaortic stenosis was "strongly suspected” on the basis 
of screening tests. Examination of their pedigree showed 
that all the dogs proved to have subaortic stenosis had 
at least one parent known or suspected of having sub- 
aortic stenosis. Further studies?? clearly showed that 
subaortic stenosis was genetic in origin “though not 
consistent with any single genetic hypothesis." 

The study of the heritability of the right aortic arch 
in German shepherds was started with a male and a 
female German shepherd, unrelated in their pedigree 
through four generations. The female had a small per- 
sistent left cranial vena cava. In both dogs the esopha- 
geal obstruction had been surgically relieved by severing 














-ofthe ligamentum arteriosum in infancy. The or 
arents and all the offspring of these matings 


vascular malformations. One had a right aortic arch and 
-arterial branching similar to that in the parent and a 
persistent left cranial vena cava. One pup had only a 
'sistent left cranial vena cava and one had a patent 
ctus arteriosus and pulmonary stenosis. Three off- 
ring of this mating, including the one with a persistent 
* ; vena cava, were retained for breeding. Three mat- 
ings gave 16 pups; 2 had persistent left cranial vena cava 
and all other pups were normal. Patterson concluded 
that these findings were not consistent with any simple 
genetic inheritance but were suggestive of some degree 

of genetic determination. 
| The heritability of the tetralogy of Fallot was eval- 
— uated by a prospective study that Patterson carried out 
< 4n cooperation with a Keeshond breeder. The proband 
. "was a 1 year old male Keeshond with the tetralogy of 
- Fallot and patent ductus arteriosus proved by cardiac 
catheterization and angiocardiography and eventually 
by autopsy. Over a period of 4 years 58 dogs were found 
|... to have cardiovascular malformations. As expected, a 
- number of dogs had tetralogy of Fallot, and one also had 
< patent ductus arteriosus. Unexpectedly, a wide variety 
of other cardiac malformations were found in the 
Keeshond family. Ventricular septal defects were as 
< common as tetralogy of Fallot. Some dogs had an iso- 
lated defect of the membranous ventricular septum and 
others had a high ventricular septal defect without 
pulmonary stenosis. Still others had isolated pulmonary 
stenosis. In addition, some clinically normal dogs were 
found at autopsy to have an aneurysm of the membra- 
nous ventricular septum and others to have fusion of the 
left and right pulmonary valve cusps. The various 
malformations that occurred in the Keeshond matings 
were interpreted as representing stages in the cono- 
truncal development. Patterson interpreted this spec- 
. -trum of cardiac malformations as a result of a single type 
of genetic defect that interfered in varying degrees with 
the development of the conotruncal septum, and not as 
. a number of separate genetic defects. These findings 
were confirmed by further genetic studies and also by 

embryologic studies.!99 

Van Mierop, Patterson and Schnaar!9* undertook 
to study the spectrum of malformations found in the 
Keeshond dogs with tetralogy of Fallot by comparing 
the embryonic development of the heart of a normal 
. mongrel dog with that of an affected Keeshond. Ob- 
taining 46 young embryos from normal dogs and 36 from 
... an affected Keeshond strain, they studied some of these 
^. > embryos under a dissecting microscope. Fourteen of the 
normal and 16 of the affected embryonic hearts were 
. embedded in wax and sectioned. They found a signifi- 
... cant difference in the growth of the conotruncal septum 
-< in the two series. This observation supported their belief 
hat the spectrum of anomalies found in the Keeshond 
is related to the development of this portion of the 
t ventricular outflow tract. The difference in the 















.. Series is strong evidence that the basic pr : 
|. * the development of the heart with tetralogy ‘differed 
ultimately killed and examined at autopsy. Thirty dogs - 
- were born from three matings. Only three had cardio- - 


owth and development of the outflow tract in the two 





















from that directing the development of the norma 
heart. In other words, the ontology of the defecti 
Keeshond heart was slightly different from that of t 
normal heart.. 

In his. discussion of heritability of malformations 
Patterson stated that although the exact mode of in 
heritance may vary, all of these malformations appea: 
to be heritable. The severity of the lesion may vary, thu 
suggesting that the genes are specific for the type o! 
malformation and additive genes increase its severity 
Furthermore, these malformations are heritable — 
whether the male or the female is the affected parent. | 
Hence the maternal environment of the embryo is not = 
a major factor. c 

Conduction defects in the dog: In another study, 
Moore, Boineau and Patterson!® found by chance that _ 
the offspring of a mating between two beagles (one with : 
a valvular pulmonary stenosis and the other with a small | 
subaortic ventricular septal defect) had asymptomatic v 
incomplete right bundle branch block with no other - 
clinical or hemodynamic abnormalities or anomalies on. 
postmortem examination. Electrocardiographie studies . 
of this condition showed that the rate of transmission _ 
of the impulse was normal. The apparent delay in con- 
duction time was caused by an abnormal muscular . 
structure of the right ventricle. The interbreeding ofthe . 
pups from this litter produced an F2 generation in which. | 
some pups had a ventricular septal defect, some had _ 
pulmonary stenosis, some had a combination of a ven- | 
tricular septal defect and pulmonary stenosis and: some | 
had “incomplete right bundle branch block.” 

James et al.93 studied a group of purebred | pug dogs 
that had attacks of syncope associated with dyspnea . 
and cyanosis. The proband, a 5 year old male pug dog, _ 
was mated to another purebred pug with paroxysmal — 
second degree heart block. The mating resulted in nine _ 
pups: three died in utero, three died suddenly at age 4 - 
days and three were apparently normal. In addition, e 
they studied 14 other pugs that were descendants of the 
proband case. Eight pups had no suitable electrocar- . 
diogram and six had an electrocardiogram similar to — 
that of the proband dog. In all, 21 pups were found at. 
autopsy to have a normal sinus node and significant | 
stenosis of the mid portion of the His bundle. These | 
findings presented strong evidence that the abnormalit: - 
in the His bundle was hereditary in these pug dogs. — 

Genetic factors in other animals: M. H. Fox! — 
studied the heritability of ventricular septal defect i in. 
selectively inbred rats. She had two groups of rats, one. 
with a large incidence of ventricular septal defect and _ 
the other with a small incidence of this malformation. : 
When she bred rats with a large incidence of ventricular 
septal defect with each other, the offspring had a larg 
incidence of ventricular septal defects. When she b 
rats with a small incidence of ventricular septal def 
with each other, the offspring had a small incidence o 
ventricular septal defects. When she bred female rat 
with a large incidence of the defect with male rats wit! 
a small incidence of the defect, there was à moderat | 
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: ju n brief, virtually all à ihe common cardiac malfor- 
_ mations, and the less common ones too, have been found 
to occur in dogs. Moreover, this incidence is the same 
.. in dog and man. These malformations occur in a wide 
.. variety of animals and several of these malformations 
: fave been Move heritable i in certain species. 


- Discussion 


x The discussion | presents my conception of the com- 
am cardiac malformations as primeval hearts. I do not 
_ presume to offer any genetic proof of my theory. 

^C Incidence in human beings: A review of the litera- 
. ture shows. that a number of the common cardiac mal- 
-formations known today were described 300 years ago 
- and that ectopia cordis was recognized more than 1,000 
years ago. Although the incidence of specific malfor- 
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Incidence and heritability i in animals: The com- 
mon cardiac malformations, and the less common ones - 
too, occur in a wide variety of animals. Indeed, almost 
every cardiac malformation known to man has been - 
reported in the dog. Moreover, the incidence of cardiac 
malformations is approximately the same in the dog as 
in man, and persistent patency of the ductus arteriosus 
shows a similar preponderance of female over male in 
dog and man. Patent ductus arteriosus, pulmonary 
stenosis and subaortic stenosis are heritable in certain 
breeds of dogs. Further, these malformations are heri- 
table through the male as well as through the female; 
hence maternal environment is not of major importance 
in the production of the malformations. Ventricular 
septal defects are heritable in rats, and a hereditary 
vestigial pulmonary arterial trunk occurs in a strain of 
rabbits. The fact that these cardiac malformations are 
heritable in the three different species (dogs, rabbits and 
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Bologic distribution c of the placental mammals. A iuh indication of the. doniparative: abundance of . 
urnished by the thickness of the various branches. Reprinted, by. permission, from Romer AS. Vertebrate 
Paleo Chicago: The University of Chicago Press, 1966; Fig. 316. ‘Chronology in million | 

of animals belonging to. the various orders was added for this article by. Kenneth D. Rose, mo in 1981. 
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il visible features—namely, hair and mammary 
ds: Orders are differentiated by teeth and bones. 
es are separated on the basis of whether the ani- 
can interbreed. None of the orders are classified 
| the basis of the structure of the heart. On the con- 
: ary, although all mammals usually have a four- 
_ chambered heart, many mammals of different orders 
have variations in the structure of their heart. Moreover, 

- the same variations in the structure of the heart occur 
in animals of different orders. In other words, animals 

- of various orders have similar types of cardiac malfor- 
.. mations. It is important to appreciate that these mal- 
— formations occur in at least six different orders of the 
: Mammalia: in the Carnivora (dogs, cat and minks), in 
the Perissodactyla (horses), in the Artiodactyla (cows 
and pigs), in the Rodentia (rats and mice), in the La- 
gomorpha (rabbits), as well as in the Primates (man). 
The widespread occurrence of the common cardiac 
malformations in the various orders of Mammalia 
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ES FIGURE 2. A family tree of the vertebrate classes. A rough indication 
^ of the comparative abundance of the various groups is furnished by the 
thickness of the various branches. In this diagram the Acanthodii are 
rovisionally included in the Osteichthyes. Reprinted, by permission, 
1 Romer AS. Vertebrate Paleontology. 3rd ed. Chicago: University 
cago Press, 1966. The common names of fishes and amphibia 
ed in this chart were added for this article by Kenneth D. Rose, 
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the time of the evolution of th 
Mammalia. A. S. Romer, the no 
brate paleontology, dated the c 
orders at least back to the Pale: 
lion years ago), and indicated tha 
Mammalia probably began even [ 
age (Fig. 1 and 2). 

















circulation are of paramouint imports : 
of all mammalian life, far more impi 
of the extremities, the nent of > : 


system with complete separation of aricrial fr T. m n ave nou: dm 
blood. This is the most efficient heart so fa. deci for 2 
all placental mammals whose offspring are born alive _ 
and who immediately after birth must obtain fromthe | 
air they breathe a sufficient supply of. oxygen | for the | 
maintenance of life. It is also the most common mam- _ 
malian heart, and the one we consider the‘ “normal” 
heart. Other hearts are thought of as “malforme "that - 
is, something went wrong during their development. D 
Indeed, such is generally considered to be the origin of | 
malformations. They are errors that occurred during | 
development of the heart; in other words, they are de- ; 
velopmental errors. | 
If, however, one reviews the evolution: of the jo 
chambered heart, various facts suggest that other forces _ 
may account for the cardiac malformations. Iti is well | 
known that fishes have a two chambered heart, am- |. 
phibians have a three chambered heart (two atria and 
a single ventricle), reptiles have the beginning of a four _ 
chambered heart, and birds and mammals have a fully _ 
developed four chambered heart. It is believed that — 
mammals evolved from reptiles and therefore that the _ 
mammalian heart evolved from a reptilian heart. All - 
reptilian hearts have some mechanism that separates, | 
to varying extents, the arterial from the venous blood. | 
Webster and Webster! described two types of reptilian - 
hearts. In one, the position of the valves between the two | 
atria and the common ventricle directs the arterial and _ 
venous blood into two relatively separate streams. Inthe 
other, the structure of the interventricular septum is 
such that when it contracts, it separates the two strea 
of blood to varying extents at different. phases of 
ventricular contraction. Torrey! described three t 
of reptilian heart occurring in different specie 
tiles. Snakes and lizards have a rudimentary i int or 
tricular septum; turtles have a spongy interventric 
septum separating the two ventricles; and croco: 
and alligators | have a well formed interventricular 
tum that is incomplete at its base. In addition, th 




















| * fuse “genes” in the popular sense of the word. 








their ba lestor. it: is po to suppose vr 
. as the Mammalia developed, a number of hearts of 
- various structures were formed. These would have in- 
_ cluded hearts with incomplete separation of arterial and 
-. venous blood. A few examples of such hearts are found 
- today. 
Genetic variants of the normal mammalian 
_ heart—primeval hearts: That man does not need 
- complete separation of arterial and venous blood for the 
< maintenance of life for a varying number of years is 
_ proved by the fact that many persons born with mal- 
. formations of the heart that cause persistent cyanosis 
- do live for varying lengths of time. Therefore, one ex- 
planation could be that the genes that code some of 
|. these primeval hearts in which there was incomplete 
- separation of arterial and venous blood have remained 
. in the vast mammalian "genetic" pool, and these are the 
«hearts that today are considered “malformations of the 
-heart of the cyanotic group." If such is the etiology of 
. malformations causing persistent cyanosis, these hearts 
-would have originated eons ago and would represent 
_-primeval hearts; their genes would not be identical with 
_ those of the “normal” heart. In contrast to having their 
origin in a normal heart in which something adversely 
affected its development causing developmental errors, 
: these malformations would represent genetic variants 
. of the best mammalian heart so far evolved. 
-<> The same explanation could apply to the various 
-malformations of the heart in which complete separa- 
stion of arterial and venous blood occurs after birth. The 
malformations (patent ductus arteriosus, atrial and 
-. ventricular septal defects) that are commonly regarded 
-as arrests or retardations in the development of the 
. normal heart may also represent primeval hearts— 
_ "stepping stones" in the evolution of the “normal” 
_ heart. The more compatible with life the “primeval” 
heart is, the larger the number of their DNA molecules 
n the mammalian genetic pool and the more common 
the “malformation.” 
-Many examples of primitive forms of life that have 
urvived to the present day are familiar to us. There is 
I lant. rowing along our old railroad tracks that bot- 
| has survived since the Carboniferous age. 
1own that many forms of fish, amphibia and 
les are still with us. Some persons are thought to 
a e anomalies ! that are believed to be vestigial remains 
f iat date from eons ago and are no longer 
eeded. Organs that are essential for life have remained 
zh the ages. The heart is an essential 
y tsgems reasonable to postulate that 

































ioe are compat- 
me e persisted 


pae 4 E 
el s tl ely resembles the 
"normal" heart is the »tetralo 'y of Fallot. It differs from 
the normal heart only in that the aorta slightly overrides 
the ventricular septum. and there is pulmonary stenosis. 
It is the cyanotic "malformation" that is most com- 
patible with life and, except for. complete transposition 
of the great arteries, it is the most common of the cya- 
notic group. It may represent the precursor of the 
"normal" heart. 

In Patterson's original study of the heritability of 
tetralogy of Fallot he found not only tetralogy of Fallot 
but also several other defects that appeared to be related 
to the conotruncal development. He and Van Mierop 
in further studies found a difference in the ontology of 
the tetralogy of Fallot from that of the normal heart. 
This observation implies that the DNA of the tetralogy 
of Fallot was not identical with that of the normal heart, 
an observation that supports my conception that car- 
diac malformations have a different origin than that of 
the “normal” heart. 

Complete transposition of the great arteries: This 
malformation presents a different problem; before the 
days of surgery it was seldom compatible with life for 
more than a few days. In primitive times, the mortality 
rate of this malformation must have been extremely 
high, so high that very few animals or human beings 
with this condition lived to reproduce their kind. Yet, 
this malformation has persisted as one of the most 
common mdiformations causing persistent cyanosis in 
early infancy. 

During fetal life it makes no difference whether the 
aorta or the pulmonary artery arises from the left ven- 
tricle. The lungs do not function for the exchange of 
oxygen, and the oxygen content of the blood is virtually 
the same throughout the entire body of the fetus. Many 
malformations are compatible with fetal life. T'herefore, 
they can be seen in the newborn. Complete transposi- 
tion of the great arteries is compatible with life after 
birth only if the heart, too, is not normally formed. 
Unless there is some defect in the atrial or ventricular 
septum, or both, and even under this circumstance, this 
malformation is not long compatible with life. When 
complete transposition of the great arteries occurs in 
combination with a heart of normal structure, the con- 
dition becomes incompatible with life as the ductus 
closes. E 

Vascular versus cardiac m 














J ormations and their 


combination: This well known fact in essence implies 


that transposition of the great arteries i is not a cardiac 
but a vascular malformation that occurs in combination 
with a great variety of cardiac malformations, as wellas ^ 
with a heart of normal structure. Thus there appear to 
be three separate entities: cardiac malformations, 
vascular malformations (closely related to the heart) | 
and cardiovascular malformations, that is, a combi- 
nation of a cardiac and a vascular m alformation. A 
number of so-called cardiovascular malformations are 
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Im onary venous s féfar are ner not cardiac 
rmations. Coarctation of the aorta is a vascular 
A malformation and, by the same reasoning, persistent 
. patency of the ductus arteriosus is a vascular malfor- 
` mation. A patent ductus arteriosus is a simpler condi- 
- "tion than a vascular ring. This probably explains why 
-> Patterson? found the heritability of a patent ductus 
arteriosus “agreed closely with that expected under the 
- hypothesis of an autosomal dominant inheritance,” 
^ whereas the heritability of a vascular ring (which in the 
dog is composed of a right aortic arch and a left ductus 
arteriosus) was “not consistent with any single genetic 
.. hypothesis but was suggestive of some degree of genetic 
|. determination.” 
-> This separation of vascular from cardiac anomalies 
. may well be the explanation of the frequent occurrence 
< of complete transposition of the great arteries because, 
in lower animals and in mammals before birth, the 
-relation of the great arteries to the ventricles is unim- 
portant. Hence, it could be a common gene. 

‘This report is concerned with the origin of the 
*common cardiac malformations," those which are 
strictly cardiac malformations, the vascular malfor- 
mations closely related to the cardiac malformations 
(patent ductus arteriosus, coarctation of the aorta and 
vascular ring), and the cardiovascular malformations, 
that is, those in which the vascular malformation ap- 
pears as part and parcel of the cardiac malformation. 

i> I believe all the common cardiac malformations are 
^ primeval in origin. 

-> -“Teratogens: The conception of the “common cardiac 
... malformations" as survivals of primeval hearts does not 
mean that there are no teratogens. There are teratogens. 

` By definition a teratogen is a substance that causes a 
^- malformation, but this does not mean that all “mal- 
_. formations” are caused by teratogens. Most, if not all, 
 —- teratogens known today cause a widespread injury to 
<:> the embryo or fetus, as for example, thalidomide, the 
. rubella virus or deficiency of trace minerals.!9? As yet 
— no teratogen has been found outside the experimental 
7". laboratory that injures only a specific organ in a specific 
. way. In laboratory studies, introduction of a specific 
‘substance at a specific time in embryonic development 
-does not, in all probability, alter the genetic makeup of 
the individual; nor do any of these substances occur 
throughout the world to cause the normal heart to be 
malformed. In other words, teratogens can cause a heart 
be malformed but, at most, they play a minor role in 
stiology of the common cardiac malformations. 
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strong that the cardiac malformations have e: 
many millions of years. They probably me ir 
tence as the mammalian heart was evolving. I 
reasonable to believe that they are in 
hearts, and the genes that code thes 
vived through the ages in the vast genetic po 
if not all, of the orders of the Mammalia. The : 
dinary phenomenon is that the incidence of th 
meval hearts is virtually the same in the dog as 
'These observations perhaps emphasize the vas 
the mammalian pool. : 
The conception of the common cardiac malto 

tions as primeval hearts is probably applicable to mai 
if not all, spontaneously occurring malformatior | 
normalities and syndromes and, possibly to gel 
diseases, enzyme deficiency and even “inborn errors 
of metabolism. They are all part of the random sel 
tion, mutations and recombinations of DNA that giv 
nature its great diversity. | 


Conclusions 


The common cardiac malformations have been? re T 
ognized for hundreds of years and their occurrence 
worldwide. Their apparent sudden increase in fre 
quency is directly related to their surgical treatmen 
These malformations occur in at least six orders of th 
Mammalia; in three of these orders they have bee 
proved heritable. Hence the genes that code thes 
malformations must lie in that portion of the DN; 
which is common to all Mammalia. The common origi 
of the Mammalia dates back to the Paleocene age, € 
70 million years ago. This means that these card 
malformations probably occurred at the time | 
Mammalia were evolving. It seems reasonable to. 
that they are primeval hearts, the genes for wh: 
survived to the present time, and are known to 

“malformations” of the heart. These primeva 
include strictly cardiac malformations, vascula 
formations closely related to. the heart, and 
cular malformations. The genes that code 
meval hearts have remained in the va 
genetic pool. The incidence of these comes 
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quelae of the operation are usual and acceptable and what unexpected: 
but potential problems may be important and call for special attentio: 


stitutes of Health, Be- —— 
Jant te x Answers for some of these questions are Just now becoming availab 


The results of long-term follow-up studies of patients with five como: = 
congenital heart defects are reviewed. The lesions included are ventricular 
septal defect, atrial septal defect, patent ductus arteriosus, pulmonary - 
stenosis and coarctation of the aorta. A definitive, rather than palliative, " 
operation has been available for each of these lesions for more than 25 - 
years. Therefore many patients who have undergone operation for one . 
of these lesions are now reaching adulthood. " 

Although most of these postoperative patients live a normal life, any: Ü 
have residuae or sequelae that require close observation or treatment. 
Other persistent abnormalities of the physical examination, electrocar- 
diogram and chest radiogram are obvious but call for no precaution or 
treatment. We have drawn on our own experience and the published 
experience of others to identify those findings and historical factors that. 
best reflect the long-term prognosis of these patients. In addition, rec- — 
ommendations concerning the need for continued prophylaxis against _ 
infective endocarditis, and the problems of insurability and employability 5 
of these postoperative patients are discussed. 





We have selected for review five cardiac malformations for which a de- 
finitive rather than only palliative operation has been available for a long- 
period of time—25 to 43 years (Table I). These five lesions —ventricular _ 
septal defect, atrial septal defect, patent ductus arteriosus, pulmonary — 
stenosis and coarctation of the aorta-—are among the most common — 
congenital heart defects, and the prognosis for a healthy adult life of a 

patient who has been operated on for the severe form of one of these . 
defects is now excellent. In the last 25 years more than half a million = 
patients with a functionally important cardiac malformation have 
reached adulthood by virtue of medical or surgical treatment, or both!) .. 
Although the estimated total number of patients who have had surgit 
treatment for one of these common lesions is. large, only a small number. 
in each category are likely to be under the primary care of any single. 






physician. Thus a review of this type is needed to provide a reference for. 








the physician who is called on to oversee the healt h and to repona h 
the concerns of these patients. i Et 

What unique needs do these patients have and what concerns will 
they likely voice to the physician? Questions often asked include: ROE aa 
What is the chance of complete cure? (2) What residual defects or se- 





















(3) To what extent can the patient live a normal, unrestricted life i m 
cluding vocation and qualification for life insurance? | 
















Year i Onerilion 
First Performed 






Surgeon 








arteriosus 1938 Gross 


tion of aorta — 1944 Craaford 
ary valve stenosis 1948 Brock 
eptal defect 1952 Gross 
icular septal defect — 1955 Lillehei 









| and those of the future, also want answers to these 
questions, as do third party payers who are presented 
_ with the bill. 


Incidence of Congenital Cardiac Defects: 
Magnitude of the Problem 


ae Approximately 3.7 million children are born each year 
^. 4n the United States, and approximately 8 of every 1,000 
of these infants have a congenital heart defect. This 
figure excludes isolated mitral valve prolapse because, 
although it is probably the most common malformation 
c of the heart, its clinical features appear late in childhood 
or in adult life and it is therefore often considered an 
-~ acquired lesion. Together, patent ductus arteriosus, 
atrial septal defect, ventricular septal defect, isolated 
- > valvular pulmonary stenosis and coarctation of the aorta 
— - account for almost 60 percent of these patients. 
>... Table II shows the approximate number of patients 
- ' born each year with these lesions. Estimates of the in- 
_ -cidence of these lesions among patients with congenital 
heart disease were obtained from the excellent review 
by Hoffman et al.? of several large series of patients. 
Although there are few actual data on the number of 
< < patients with each of these lesions who have had surgical 
treatment, probably between one-half and two-thirds 
eventually undergo operation. If we further estimate 
that the overall childhood mortality for such patients 
js in the range of 5 percent, then about 8,500 new pa- 
tients per year who have undergone repair of one of 
these lesions will reach adult life. 
















Patent Ductus Arteriosus 


. lagation of a patent ductus arteriosus by Robert 
Gross in 1938 marked the beginning of modern cardio- 
vascular surgery. In the hands of an experienced sur- 
geon, repair of this lesion is probably the simplest and 
safest of all cardiovascular operations. In large series the 
operative mortality rate is less than 2 percent, and less 
han 1 percent when small infants and patients with 
pulmonary hypertension are excluded.? Repair of a 
patent ductus arteriosus in childhood in the patient who 
as no pulmonary vascular obstructive disease or left 
itricular myocardial insufficiency is probably the 
“operation that can be expected to provide com- 























aly normal cardiac structure ene function, qoneven TN acd and mua persist. for se 


Lesion n vus 











Ventricular septal detect 7,800 
Patent ductus arteriosus 2,300. 
Pulmonary stenosis 1,800 

Atrial septal defect (secundum) 1,800 


Coarctation of the aorta 1,600. 
Total 15,300 .— 
* Figures. based on an annual birth rate of 3.7 milli 


overall incidence rate of congenital heart disease (al gu 
to the nearest 100). 



































performed, or a complication that must. tbe c che 
intermittently or further treated. ae 
Persistent heart murmur: Physical exami 
of most patients after surgical closure of a patent di 
arteriosus is completely normal. However, a faint g 
1-2/6 systolic ejection murmur (probably relate 
persistent dilation of the main pulmonary artery) h: 
been noted in about 20 percent of postoperative p: 
tients. The possibility of associated pulmonary arteri. 
branch stenosis must be considered if the murm 
loud or radiates widely.* Recanalization of a lig 
rather than a divided ductus has been observed 
though rarely, after surgery, but it should not occur 
the current surgical method of ligation.® ^. - 
Persistent electrocardiographic abnormali 
Evidence of left ventricular hypertrophy in the el 
trocardiogram generally regresses promptly after repa 
of patent ductus arteriosus. If right ventricular h: 
pertrophy is present preoperatively, its persistenc 
beyond several months is an ominous sign of pulmon 
vascular obstructive disease. We have not noted 
creased incidence of arrhythmia among patie 
have undergone successful repair of this le 
operative arrhythmia calls for investigation f 
causes. à 
Persistent radiographic abnormality: 
cases, there is a measurable decrease in hea 
chest roentgenography within days or week l 
arteriosus repair. Marked enlargement pre 
may require a full year to subside.” Radiogr 
the main pulmonary artery and ascending 80 
remain prominent despite successful repair, 
if there was either preoperative pulmonary. 
sion or a large shunt, but the caliber of pe 
cular shadows should decrease promptly w 
weeks. Aneurysm of the ductus arteriosus or 
artery is rare but may be evident asa 
mass in the chest roentgenogram.". 
hemidiaphragm may indicate diaphragt 
from inadvertent injury to the ph 

































































































c uctus arteriosus have 
| pressure preoperatively.? 
structive disease rarely develops 
1 arge left to right shunt and only 
ulmonary vascular resistance. How- 
those with preoperatively elevated 
iscular resistance is less certain. Neutze? 
ree of five patients with moderate elevation 
Yonary resistance operated on between 2.5 and 
ge continued to have elevated pulmonary 
ar resistance 7 to 10 years after closure of the 
s. Age at operation may bea significant factor 
cause, in our experience, hemodynamic values uni- 
mly have returned to normal after surgery in patients 
less than 2 years of age. Other potentially correctable 
auses of pulmonary hypertension, such as cor triatri- 
atum, pulmonary vein stenosis or mitral stenosis, should 
be ruled out, by invasive studies if necessary, in patients 
who continue to do poorly after operation. 
Susceptibility to infective endocarditis: Man- 
ning!? believes that the risk of infective endocarditis 
after successful repair of ductus arteriosus is that of the 
general population. Routme bacterial endocarditis 
prophylaxis is generally discontinued 6 months after 
operation if (1) there is no evidence of a residual shunt, 
and (2) there is no clinical evidence of other associated 
cardiac abnormalities. 


































Atrial Septal Defect 


Incidence: In most large series, ostium secundum 
type of atrial septal defect is the third or fourth most 
common congenital heart defect in childhood, ac- 
counting for approximately 7 percent of all patients with 
congenital heart disease.’ Unlike ventricular septal 
efect and patent ductus arteriosus, this lesion has little 
)pensity for spontaneous closure and is nearly always 
li tolerated until adult life. These two factors account 
greater Incidence of atrial septal defect in adults 





k of Sealed: Despite initial success using the 
ell technique, surgeons currently close atrial 
defect almost exclusively under direct vision 
total cardiopulmonary bypass. This approach has 
d very safe, with an operative mortality rate of less 
percent in uncomplicated cases of secundum 
ptal defect. 12 We consider primary repair of 
sions as probably curative in the great majority 
3, but late and. unpredictable occurrence of re- 
ual de ects. or sequelae of the operation (see later) 
it advisable to continue regular, though infre- 
e ery 1 to 3 years), follow-up clinical evalua- 


Risk 











tium primum atrial septal defect is 
difficult and has a slightly higher op- 














Persistent: murmur: A faint akok ejectio 
murmur, probably related to dilation of the pulmonary 
artery, may be present in many patients after successful 
repair of secundum atrial septal defect.!? The tricuspid 
diastolic murmur, if audible preoperatively, should - 
disappear immediately after surgery. Although the in- 
cidence rate of a residual left to right atrial shunt is re- 
ported to be approximately 7 percent, the pulmonary i 
to systemic flow ratio in such patients is rarely greater - 
than 1.5:1.!° Such a small shunt may be difficult to de- 
tect clinically since a widely split second heart sound. 
and faint pulmonary area murmur may rarely persist 
in late postoperative patients despite complete closure _ 
of the defect.!* Mitral valve prolapse manifested by a — 
midsystolic click or late systolic murmur, or both, is 
probably the most common cardiac anomaly associated. - 
with secundum atrial septal defect but is more obvious 
in adolescents and adults than in children either before 
or after closure of the atrial defect. A murmur of mitral ~ 
insufficiency is the rule in patients who have undergone 
repair of an ostium primum atrial septal defect because 
of the associated cleft in the mitral valve.!^ 

Persistent cardiac enlargement on X-ray exam- 
ination: Radiographic evidence of cardiomegaly after 
successful repair of secundum atrial septal defect in 
childhood has been unusual in our experience. However, 
Young!? noted increased heart size in 20 percent of his 
patients 5 to 13 years after operation. The persistent 
enlargement appeared to be due to failure of regression 
of the previously enlarged right ventricle and right 
atrium and thus was considered a cardiomyopathy of- 
volume loading. Persistent enlargement of the main 
pulmonary artery is usually seen even if the postoper- 
ative hemodynamic status is normal.’ Radiographic. 
evidence of left atrial enlargement suggests the possi- 
bility of mitral valve disease. 

Electrocardiographic abnormality: The electro- — 
cardiogram may not return entirely to normal in pa- .- 
tients after repair of an atrial septal defect, even if the . 
surgical result is satisfactory. In patients with a secun- . . 
dum atrial septal defect, the mean QRS frontal plane — 
axis may shift to the balanced axis zone from the usual. © 
preoperative rightward displacement. Clark et al.8 noted 
that the amplitude of the R’ deflection in the right : 
precordial leads decreased in the first 6 postoperative 
months in 84 percent of their patients. Failure of the R^. ~ 
deflection to decrease significantly suggested pulmo- — 
nary hypertension. Although the amplitude of the R^ 










deflection decreased in the vast majority of patients .. 


with a good surgical result, a small R’ deflection almost - 
always persists. Therefore, the availability of preoper- 
ative electrocardiograms in these patients is necessary . 
for comparison with the postoperative record. In pa- 





tients with an. istum T primum. atrial cde aen defect sir 
ecause of the invariable oce left ion ORS : 5 













ated to residual mitral regurgitation. 
iythmias: Significant arrhythmias occur in ap- 
itely 5 percent of patients after repair of an atrial 
efect. Most commonly these arrhythmias are 
tricular in origin. Sick sinus node syndrome, 
:ysmal atrial tachycardia and atrial fibrillation- 
lutter are the most frequent rhythm disturbances en- 
ountered. Junctional tachycardia, complete heart block 
and ventricular arrhythmias are seldom seen. Some of 
uer these arrhythmias appear in the immediate postoper- 
< “ative period, but others, especially atrial flutter, more 
«often develop weeks, months or years after operation. 
_. The incidence of sinus nodal dysfunction has been 
— found to be especially large in patients with a sinus 
-venosus type of atrial septal defect, presumably because 
of damage to the sinoatrial node when a patch is sutured 
|^. to the junction of the superior vena cava and right 
-. atrium. Because of the abnormal course of the proximal 
|, conduction system in patients with a primum atrial 
septal defect, there is the occasional complication of 
. complete heart block after repair of this lesion. Late 
_ development of complete heart block has been reported 
e m a small number of such patients.!? 
Persistent pulmonary hypertension: The occur- 
_ rence of obstructive pulmonary vascular disease is dis- 
^ tinetly unusual in children with an isolated secundum 
atrial septal defect. Only 5 to 8 percent of children with 
__ this defect have a preoperative systolic pressure in the 
||. pulmonary artery greater than 50 mm Hg.!! Even these 
< * patients nearly always have normal pulmonary vascular 
—resistance, with the elevated pulmonary pressure ac- 
counted for by greatly increased pulmonary arterial 
blood flow. 
ae Right ventricular dysfunction: There is evidence 
2 "that the right ventricular volume overload in patients 
«with an atrial septal defect may result in some degree 
of right ventricular dysfunction after closure of the 
‘defect. Graham et al.!® found that right ventricular 
“volume uniformly decreased if the atrial septal defect 
.. was closed in infancy; however, in the majority of older 
| children, right ventricular volume remained signifi- 
cantly larger than normal. Epstein et al.!? found an 
abnormal cardiac index response to exercise in 7 of 12 
jatients after atrial septal defect repair after the age of 
.11 years. The significance of these findings in the 
long-term prognosis of patients with this defect is at 
present uncertain. 
- Susceptibility to infective endocarditis: Antibiotic 
'rophylaxis against infective endocarditis is considered 
unnecessary in patients after repair of a secundum atrial 
_septal defect.!? There does not appear to be an increased 
ncidence of infective endocarditis in these patients even 
a patch is used to close the defect.? However, all pa- 
ts must have careful evaluation, including echo- 





























€ 


g nd pues posit 









ft ventricular hy[ prevention of endocarditis. P 
ergone repair of a a primum defect may e re- 


raphy and very careful auscultation (supine, __ ventricular. septal defect. This -clin 


ion), f d evidence of mitral -. E however, may) belie the patients un 










Ostium Primum Type of Atrial septa 


This defect is usually. associated wi 
one or both atrioventricular valves. | 
namic abnormality after repair of the de 
is often functionally unimportant. Th 
defect is mitral insufficiency, whet) 



















































nie tuo hypertension aaa a one left t to phon sht 
are more likely preoperative findings in pati 
a primum atrial septal defect who have signific 
tral insufficiency.!! If pulmonary vascular res 
elevated, progressive vascular disease can occ 
after surgical closure of the septal defect.!? ' Because c 
the abnormal mitral valve in ostium primum defects 
prophylactic antibiotic therapy is recommended at time 
of risk of bacteremia to prevent endocarditis. 


Ventricular Septal Defect 


Incidence: Ventricular septal defect is the mo: 
common congenital cardiac malformation in the ped 
atric age group, accounting for approximately 30. P 
cent of all cases of congenital heart disease seen by th 
pediatric cardiologists.^?? Before the modern era c 
cardiovascular surgery, many children with this mal- 
formation died in infancy but in others the ventricular 
septal defect presumably closed spontaneously | durin 
childhood. These two factors probably account for the 
relatively small incidence of this lesion in studies of 
adults with congenital heart disease.?! ae 

Risk of operation: Since Lillihei et al1.?? first closed 

a ventricular septal defect under direct vision, im- 
onis in surgical techniques and perioperative | 
support have reduced the immediate mortality ra 
this procedure to less than 10 percent when all patie 
are considered, ?*?* and to less than 2 percent in sele 
groups of patients.?»?9 However, nearly all of thes 
patients are left with some minor or major hemo 
namic or electrocardiographic residua or both, 
quelae from their defect or the surgical repair. A 
clinical and hemodynamic improvement is excelle 
therefore do not consider surgical closure of ne 
fects a curative procedure in the strict sense’ 
word. | 


Postoperative Condition 


Symptoms: Most patients are E T | 
proved after ventricular septal defect closure w 
or not the hemodynamic result is perfect. In re 
our experience, we found that 90 percent of pos 
ative patients were in New York Heart Asso: 
functional class I or II 4 to 13 years af: : 






































buerxiglities of the inca ex- 
closure of the ventricular septal 
of patients.?? A faint pulmonary 
ur (grade 2/6 or less) generally is not 
1 hemodynamic derangement. However, 
ence of residual ventricular septal defect is sur- 
) 7 common, occurring in 14 to 25 percent of cases 
2 reported. series. 26 Twenty-five percent of our patients 
who had a systolic murmur louder than grade 2, had a 
residual ventricular septal defect. Fortunately, these 
residual defects are usually small, only about 10 percent 
_of them being hemodynamically significant.*’ A widely 
split second heart sound is not uncommon after repair 
of a ventricular septal defect and may be secondary to 
mplete right bundle branch block.” Approximately 
3 percent of patients with a ventricular septal defect 
eventually have aortic regurgitation. Often this problem 
As not evident in infancy, but develops later in life and 
may be progressive.”* 
_ Electrocardiogram: Electrocardiographic abnor- 
malities are common after repair of a ventricular septal 
defect. More than 90 percent of patients who undergo 
| 'epair through a right ventriculotomy, and up to 75 
)ercent of those whose defect is repaired using the 
.transatrial approach, manifest right bundle branch 
block.?? In most cases, this conduction abnormality is 
peripheral —that is, it is secondary to disruption of 
distal Purkinje fibers incident to ventriculotomy—-and 
t does not appear to aiter right ventricular function, 
although its presence makes the evaluation of ventric- 
ular hypertrophy by standard electrocardiographic 
criteria unreliable.? 
< Complete atrioventricular (A-V) block was a com- 
mon complication of ventricular septal defect repair in 
the 1950s, but improved knowledge of the course of the 





E, 


ere in this asymptomatic 





reports!7:30 of complete er block dq o 
or years after repair, but this complication has been rare 

in our experience. Other chronic arrhythmias that are | 
uncommon but that have been reported include junc- 


tional tachycardia, atrial fibrillation-flutter, premature 


ventricular complexes and ventricular tachycardia. 

“Radiographic findings: Radiographic findings after 
closure of a ventricular septal defect vary depending on 
the preoperative hemodynamics and results of surgery. 
Patients with a large defect and high pulmonary blood 
flow usually show an immediate decrease in the size of 
the heart peripheral pulmonary arteries.’ However, in 
our experience, 25 percent of patients continued to have 
at least mild enlargement of the right and left ventricles 
up to 20 years after operation. Of these patients, one 
third had either a significant residual ventricular septal 
defect or a pulmonary arterial systolic pressure greater 
than 60 mm Hg. Rarely, patients may have an initial 
decrease in heart size after operation, only to have heart 
failure and marked cardiomegaly years later, usually 
because of progressive pulmonary vascular obstructive 
disease (Fig. 1). 

Hemodynamics: After the immediate postoperative 
period, a determinant of long-term survival is pulmo- 
nary vascular resistance. Age at operation as well as 
pulmonary vascular resistance at the time of operation 
appear to be important predictors of which patients may 
have progressive pulmonary hypertension after repair 
of a ventricular septal defect.?! Progressive pulmonary 
vascular obstructive disease seldom develops in patients 
operated on at less than 2 years of age, but the results 
in patients after 2 years of age with a moderate to severe 
increase in pulmonary vascular resistance are much less 
predictable.??3? Friedli et al.?? found that, among 24 
surviving patients operated on after 2 years of age with 
pulmonary vascular resistance greater than one third 
















temic vascular resistance, only one patient showed 
duction in pulmonary vascular resistance to normal 
E nd 16 patients showed no significant change 1 to 7 
years postoperatively. All seven late deaths in that series 
/ere presumably due to Eisenmenger's syndrome. The 
)ng-term prognosis of the group of patients with per- 
ient mild to moderate elevation of pulmonary vas- 
ar resistance is uncertain at this time. 
Long-term postoperative sudden death: Unex- 
ected sudden death after repair of ventricular septal 
.. defect has been reported. In the series of Freidli et al.,?? 
|. five of seven deaths occurring months to years postop- 
`- eratively were sudden. There were 17 late deaths among 
....985 patients who survived ventricular septal defect re- 
|... pair in the Joint Study on The Natural History of 
_ Congenital Heart Defects,24 and sudden death was re- 
ported to be the “usual mode" of demise in this group 
.. of patients. Although some cases of sudden death are 
completely unexpected, in our experience most cases 
have occurred in patients known to have residual pul- 
. monary hypertension or ventricular arrhythmias, or 
both. 
=  fusceptibility to infective endocarditis: The risk 
eu of infective endocarditis decreases dramatically after 
-— Successful complete repair of a ventricular septal defect. 
- df the defect is completely closed, the risk of endocar- 
- ditis is similar to that of the general population.!? 
However, if there is a small residual ventricular septal 
- defect, the risk of endocarditis is not decreased, and may 
ever be greater than the risk of a patient with a mod- 
erate-sized ventricular septal defect not treated surgi- 
_ cally. At the present time, the American Heart Associ- 
ation still recommends routine endocarditis prophylaxis 
for all patients after ventricular septal defect repair. 





Pulmonary Stenosis 


Incidence—risk of operation: Valvular pulmonary 
stenosis with intact ventricular septum accounts for 
approximately 7 percent of all cases of congenital heart 

. disease.^?? Sellors and Brock reported the first suc- 
` cessful attempts to relieve pulmonary valve stenosis in 
1948, using a closed technique. Currently, open val- 
votomy with the patient on cardiopulmonary bypass is 
the standard procedure in most institutions, and overall 
mortality from this procedure is approximately 3 to 4 

| percent.34:35 
.. Postoperative condition: Results of this type of 
. surgery in general are excellent. In the Joint Study on 
. Congenital Heart Disease, only 10 of 294 patients who 
underwent surgery for valvular pulmonary stenosis had 
- aright ventricular to pulmonary arterial residual peak 
< systolic pressure gradient of 50 mm Hg or more.3? The 
incidence of postoperative pulmonary insufficiency 
A ranges from 50 percent in several reported series?9 to 90 
< percent in our experience. This probably accounts for 


*. occasional right ventricular dilation in patients who - 








have a good result otherwise but the process appears to 
 nonprogressive and well tolerated. We believe that 
monary insufficiency may account for some mild 
: ciše intolerance in those patients. 

| Murmur: Physical examination after successful 


after surgery. It is possible that early: 


in combination with other cardiovascular malforma: 





Guiana valve surgery frequendly 
of a short midsystolic murmur. da 














which frequently deu as a consequ nee. 
ventricular hypertrophy. Such infundibular 
eventually resolves in more than 75 perge 
The murmur of pulmonary insufficiency f 
tients after surgery for pulmonar, g! 
short and low-pitched, unlike th 
ham-Steele murmur found in patie er 
hypertension. : ond 
Electrocardiogram: hypertrophy and arrhyth- 
mias: In most cases, there is a gradual reduction in both 
right ventricular hypertrophy and right atrial enlarge- : 
ment manifested in the electrocardiogram in the first a 
3 years after relief of pulmonary obstruction. Howeve 
the electrocardiogram does not return entirely to 101! 
in a substantial number of patients, showing pers 
RSR’ configuration in precordial lead Nis b ‘Lack 

























operation suggests signifi icant residual exei. ste- 
nosis. Although a praep arly zi — are | ey 


rhythmias after operation for aonan e DL 
premature ventricular complexes developed with ex 
ercise in 3 of 13 patients who recently underwen 
treadmill exercise testing in our laboratory. Surgical 
exposure of the pulmonary valve requires only i incision. 
into the pulmonary trunk rather than right ventricu- — 
lotomy and thus ventricular arrhythmia may be less. i: 
common than after operations requiring. ventricu- ae 
lotomy. 

Radiographic features: In our experience; ap- 
proximately 25 percent of patients continue to dem- 
onstrate some degree of radiographic cardiomegaly, 
mostly of the right ventricle, after surgery for pulmo- _ 
nary stenosis. In general, those with the most marked. 
cardiomegaly have severe pulmonary valve insuffi- 
ciency. Dilation of the main pulmonary arterial segment. 
usually persists even after an ideal surgical result. .— 

Late complications: There are few reports of. lat 
complications after pulmonary valve surgery. As men 
tioned earlier, late arrhythmias appear to be rare anc 
we could find no cases of late sudden death. Adult 
undergo surgery for pulmonary stenosis frequei 
a persistent abnormal hemodynamic respo 
cise postoperatively.?? However, Sto 
20 children with pulmonary stenosi 
although 6 had a decrease in stroke i i 
preoperatively, none showed this £ 














surgery may pre 
vent the development of right ventricular fibrosis, whicl 
has been found in some adults with pulmonary s 
nosis.?6 


. Coarctation of the Aorta 
Incideiicé: Coarctation of the aorta occurs singly ol 


tions in approximately 6 percent of pateni with con 





C Hovasicular meloman have heen fundi in a a large 
| iade of these ponies anand those who 


es patients with dntinplicated coaverstion of the aorta. 
These patients are typically asymptomatic and are re- 
ferred to the cardiologist in childhood for evaluation of 
a murmur or upper limb hypertension. 

Surgical repair: history and current risk: Surgical 
repair of coarctation of the aorta by resection and end 
to end anastomosis was first reported by Crafoord and 

Nylin*? in 1945. Other techniques, including graft in- 
::: terposition, patch aortoplasty^? and use of a subclavian 
flap, have since been developed. The operative mor- 
-< -tality in most centers is now approximately 4 percent 
© among all patients with coarctation of the aorta oper- 
ated on after the 1st year of life.?! 
| Postoperative murmur and heart sounds: Physical 
_.. findings after repair of coarctation depend in large part 
on associated cardiovascular defects. Between 50 and 
85 percent of patients with coarctation of the aorta may 
have a bicuspid aortic valve? resulting in a short mid- 
systolic ejection murmur and an aortic ejection sound 
(click). The aortic click is heard best at the apex rather 
than at the primary aortic area. Variable degrees of 
mitral valve deformity are also common, but frank mi- 
tral stenosis or insufficiency is probably present in no 
more than 10 percent of patients.*! 
Blood pressure: A good surgical result is indicated 
clinically by a resting systolic pressure gradient of less 
than 10 mm Hg between the arms and legs. The reap- 














x silent anomalies à of eit ' 
: clinical examination. Edd . 





apparently successful. repair of coarctation has been 


r rem valve k in patients with coarctation calis for v oonfined B bacterial "y 
left ventricle; MV = mitral valve; RV = right ventricle; VEG = = aa 









pearance fs a $t jüsüre gradient onthe to years. after 


reported to occur in 16 to 33 percent of those operated : 
on as infants.*! Therefore, the routine clinical evalua- 
tion of all patients after repair of coarctation should - 
include measurement of blood pressure in the legs. Ten - 
to 20 percent of patients who have a good surgical result 


continue to have significant resting hypertension 


postoperatively.4?46 The cause of this phenomenon is 
not known, but the incidence appears to be greater 


among patients operated on later in life.4’ We have 


found treadmill exercise testing tc be useful in eliciting 
an unsuspected blood pressure gradient in some pa- 
tients and disproportionate systolic hypertension in 
response to exercise in others. Such patients require 
closer follow-up than do those who show a normal re- 
sponse to exercise. 

Electrocardiogram: Adequate repair of coarctation 
of the aorta usuaily results in improvement in preop- 
erative electrocardiographic evidence of left ventricular 
hypertrophy. Schuster and Gross*® noted that the 
electrocardiogram reverted to normal in 67 percent of 
their patients and showed regression of left ventricular 
hypertrophy in an additional 7 percent. A persistent 
gradient across the coarctation, or associated cardiac 
lesions such as aortic stenosis, mav explain persistently 
abnormal electrocardiographic findings.® Arrhythmias 
are rare after repair of isolated coarctation of the 
aorta. 

Late complications: stroke, infective endocar- 
ditis: There is an increased incidence of cerebral an- 
eurysm among patients with coarctation of the aorta.*? 
Although the reduction in blood pressure after repair 
of coarctation is undoubtedly advantageous to these 
patients, cerebrovascular accidents have occurred in 









tt e« creado anastomosis orona ide: 
d mitral valve (Fig. 2). Mycotic aneurysms may 
at the site of anastomosis or in the ascending aorta 
> region of a “jet” through a bicuspid aortic 





Insurability and Employability 


3 ultimate aim of cardiovascular surgery is to allow 
' patient to live as normally as possible. After treating 
he abnormal hemodynamic condition, the physician 
Should aid the patient in planning or coping with 
.. problems affecting his or her vocation, social and family 
-life and financial security. Such aid inchüdes providing 
assistance in obtaining life insurance or considering 
. alternative measures. 
Insurability: Although each insurance company sets 
its own criteria for insurability of patients with heart 
. disease, the Association of Life Insurance Medical Di- 
. ;rectors and the American Heart Association have for- 
_ mulated guidelines that are helpful to the physician in 
discussing this problem with patients.?! It was recom- 
- mended that the assessment of postoperative results be 
` made 1 year or longer after operation. In general, post- 
operative patients with any of the five lesions under 
«discussion who are asymptomatic and have a normal 
electrocardiogram and chest radiogram are considered 
to be in the standard risk category (normal age-adjusted 
mortality rate) for life insurance purposes. Mild dilation 
of the pulmonary artery in patients with a preoperative 
left to right shunt is allowable, as is incomplete right 
bundle branch block (RSR’ in lead V4) in patients after 
repair of an atrial septal defect and complete right 
bundle branch block in patients after repair of a ven- 
tricular septal defect. Blood pressure must be normal 
. both at rest and with exercise in patients after repair of 
<< coarctation of the aorta. Patients meeting these criteria 
should have no difficulty obtaining life insurance at 
- reasonable rates. 
—. Cardiac catheterization is usually required for as- 
“sessment of patients who do not meet these criteria. 
. Adjustments in insurance ratings are possible for a small 
. residual left to right shunt and a small residual gradient 
.. across the pulmonary valve or coarctation. Patients with 
veg postoperative pulmonary to systemic flow ratio greater 
x .than 1.5:1 or a pulmonary to systemic resistance ratio 
greater than 0.3 are generally considered uninsurable, 
are those with a peak systolic resting gradient across 
-=the pulmonary valve of 80 mm Hg or more. Patients who 
have undergone repair of coarctation are considered 
. uninsurable if they have resting hypertension or a peak 
_ systolic pressure gradient between the arms and legs of 
01 mm Hg or more. We should remember that for pa- 
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strated that there can be remarkab 
employability produced by the 
disability from cardiac problem: 
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Conciusion 


Ventricular septal defect, atrial septal defect, patea, 
ductus arteriosus, pulmonary stenosis and coarctation 
of the aorta have been amenable to definitive (as op- 
posed to merely palliative) surgical repair for more than 
25 years. As a result, large numbers of patients who have 
undergone repair of one of these lesions have now 
reached adulthood and are leaving the care of their 
pediatric cardiologist. Although most of these patien 
are functionally quite normal, the large incidence of 
residua, sequelae, coexisting lesions that can become 
important i in time (namely, unexpected late arrhyth- 
mias, the threat of infective endocarditis) and th 
certain long- Perm consequences of a heart subjecte 
lotomy make us s hesitate to desicmsie thene pal 

"cured." We generally recommend that all 
tients, except perhaps those who underwer 
a ductus arteriosus early in life, continue 
odic clinical examinations. Such exa 
probably necessary only every 3 to 5 years i 
is doing well, and should, of course, be more 
patient is known to have any significant resic 
quelae postoperatively. We have addressed. som 
questions frequently asked by our patients or 
parents and we hope that this review will be use 
the internist or adult cardiologist who will follo 
these patients through their adult life. 
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recommended initial dosage 
in hypertension 


CORGARD ([Nadolol) 40 mg o.d. 
TENORMIN? (Atenolol) 50 mg o.d. 
LOPRESSOR”? (Metoprolol Tartrate) 50 mg D.I.d. 
INDERAL* (Propranolol Hydrochloride} 40 mg b.I.d. 
BLOCADREN (Timolo! Maleate | MSD) 10 mg b.i.d. 
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cardioprotective dosage“ 
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you prescribe 


nly BLOCADREN is 

esently indicated for the 

Dst-MI patient to reduce 

e risk of reinfarction, and 
OCADREN is the only 

eta blocker whose dosage 

as been established 

rough extensive clinical 

als to be the same for 

Dst-MI as for initial therapy 
hypertension. In 

ypertension the starting 
sage is only 10 mg D.1.d. 
ere is only one dosage for 
ophylactic use in stabilized 

atients surviving the acute 
ase of an MI: 10 mg b.i.d. 


OCADREN is contraindicated 
patients with: bronchospasm, 
.luding bronchial asthma, or 
vere chronic obstructive 


Imonary disease; sinus bradycardia; 


ond- and third-degree 
loventricular block; Overt cardiac 
lure (see below); cardiogenic 
Ock; and hypersensitivity to 
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Sympathetic stimulation may be 
essential for support of the 
circulation in individuals with 
diminished myocardial contractility, 
and its inhibition by beta-adrenergic 
receptor blockade may precipitate 
more severe failure. Although beta 
blockers should be avoided in overt 
congestive heart failure, they can be 
used, if necessary, with caution in 


patients with a history of failure who 


are well compensated, usually with 
digitalis and diuretics. Both digitalis 
and timolol maleate slow AV 
conduction. If cardiac failure persists, 


therapy with BLOCADREN should be 


withdrawn. 


In patients without a history of 
cardiac failure, continued depression 
of the myocardium with beta- 
blocking agents over a period of 
time can, in some cases, lead to 
cardiac failure. At the first sign or 
symptom of cardiac failure, patients 
receiving BLOCADREN should be 
observed closely. If cardiac failure 
continues, despite adequate 
digitalization and diuretic therapy, 
BLOCADREN should be 


Exacerbation of Ischemic Heart Disease 
following Abrupt Withdrawal— 
Hypersensitivity to catecholamines has 
been observed in patients withdrawn 
from beta-blocker therapy; exacerbation 
of angina and, in some cases, 
myocardial infarction have occurred 
after abrupt discontinuation of such 
therapy. When discontinuing chronically 
administered timolol maleate, 
particularly in patients with ischemic 
heart disease, the dosage should be 
gradually reduced over a period of one 
to two weeks, and the patient should 
be carefully monitored. If angina 
markedly worsens or acute coronary 
insufficiency develops, timolol maleate 
administration should be reinstituted 
promptly, at least temporarily, and other 
measures appropriate for the 
management of unstable angina 


| should be taken. Patients should be 


warned against interruption or 


| discontinuation of therapy without the 
| physician's advice. Because coronary 


artery disease is common and may be 
unrecognized, it may be prudent not to 
discontinue timolol maleate therapy 
abruptly even in patients treated only 
for hypertension. 
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Usual dosage range: 
10 to 20 mg b.i.d. 


Maximum dosage: 

30 mg b.i.d. 

There should be an interval of at least seven 
days between increases in dosages. 


Also available: 
20-mg tablets 


NOTE: IN HYPERTENSION 
BLOCADREN may be used alone or in 


combination with other antihypertensive 
agents, especially thiazide-type diuretics. 


/BLOCADREN 


(TIMOLOL MALEATE | MSD) 





Dosage: 
10 mg b.i.d. 


Treatment should be 
initiated within 1 to 4 weeks 
after infarction. 


Data are not available as 
to whether benefit would 
ensue if initiated later. 
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only 10 mg b.i.d. 


for initial therapy in 
hypertension and post-MI 
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- CONTRAINDICATIONS: 


Bronchospasm, including bronchial asthma, or severe 
chronic obstructive pulmonary disease; sinus bradycardia; 
-second- and third-degree atrioventricular block; overt car- 
diac failure (see WARNINGS); cardiogenic shock; hyper- 

sensitivity to this product. 


WARNINGS: . 

Cardiac Failure: Sympathetic stimulation may be essential 
for support of the circulation in individuals with diminished 
myocardial contractility, and its inhibition by beta-adren- 
ergic receptor blockade may precipitate more severe fail- 


- ure. Although beta blockers should be avoided in overt 


congestive heart failure, they can be used, if necessary, 
with caution in patients with a history of failure who are 
well compensated, usually with digitalis and diuretics. 
Both digitalis and timolol! maleate slow AV conduction. If 
cardiac failure persists, therapy with BLOCADREN should 
be withdrawn. 

In Patients without a History of Cardiac Failure: Contin- 
ued depression of the myocardium with beta-blocking 
agents over a period of time can, in some Cases, lead to 
cardiac failure. At the first sign or symptom of cardiac 
failure, patients receiving BLOCADREN should be digita- 
lized and/or be given a diuretic, and the response observed 
closely. If cardiac failure continues despite adequate digi- 
talization and diuretic therapy, BLOCADREN should be 
withdrawn. 


























Exacerbation of Ischemic Heart Disease following 
Abrupt Withdrawal—Hypersensitivity to catechola- 
mines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in 
some cases, myocardial infarction have occurred after 
abrupt discontinuation of such therapy. When discon- 
tinuing chronically administered timolol maleate, par- 
ticularly in patients with ischemic heart disease, the 
dosage should be gradually reduced over a period of 
one to two weeks and the patient should be carefully 
monitored. If angina markedly worsens or acute coro- 
nary insufficiency develops, timolo! maleate adminis- 
tration should be reinstituted promptly, at least 
temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 
Patients should be warned against interruption or dis- 
continuation of therapy without the physician's 
advice. Because coronary artery disease is common 
and may be unrecognized, it may be prudent not to 
discontinue timolol maleate therapy abruptly even in 
patients treated only for hypertension. 


Major Surgery: The necessity or desirability of withdrawal 
. of beta-blocking therapy prior to major surgery is contro- 


versial. Beta-adrenergic receptor blockade impairs the 


ability of the heart to respond to beta-adrenergically 


mediated reflex stimuli. This may augment the risk of gen- 
eral anesthesia in surgical procedures. Some patients 


- receiving beta-adrenergic receptor blocking agents have 


been subject to protracted severe hypotension during 
anesthesia. Difficulty in restarting and maintaining the 
heartbeat has also been reported. For these reasons, in 
patients undergoing elective surgery, Some authorities 
recommend gradual withdrawal of beta-adrenergic recep- 


. tor blocking agents. 


If necessary during surgery, the effects of beta-adren- 
ergic blocking agents may be reversed by sufficient doses 
of such agonists as isoprotereno!, dopamine, dobutamine, 
or levarterenol. 


Diabetes Mellitus: BLOCADREN should be administered 


with caution in patients subject to spontaneous hypogly- 
cemia or to diabetic patients (especially those with labile 
diabetes) who are receiving insulin or oral hypoglycemic 
agents. Beta-adrenergic receptor blocking agents may 
mask the signs and symptoms of acute hypoglycemia. 


yrotoxicosis: Beta-adrenergic blockade may mask cer- 
tain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be 
managed carefully to avoid abrupt withdrawal of beta 
blockade which might precipitate a thyroid storm. 


PRECAUTIONS: 
General: Impaired Hepatic or Renal Function: Since 
BLOCADREN is partially metabolized in the liver and 
excreted mainly by the kidneys, dosage reductions may be 
necessary when hepatic and/or renal insufficiency is 
present. — 

Dosing in the Presence of Marked Renal Failure: 
Marked hypotensive responses have been seen in patients 


with marked renal impairment undergoing dialysis after 
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Drug Interactions: Close observat 
ommended when BLOCADREN is administered to patients 
receiving catecholamine-depleting drugs such as reser- 
pine, because of possible additive effects and the produc- 
tion of hypotension and/or marked bradycardia which 
may produce vertigo, syncope, or postural hypotension. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: in a 
two-year study of timolol maleate in rats, there was a sta- 
tistically significant (p 0.05) increase in the incidence cf 
adrenal pheochromocytomas in male rats administered 
300 times the maximum recommended human dose 
(1 mg/kg/day). Similar differences were not observed in 
rats administered doses equivalent to 25 or 100 times the 
maximum recommended human dose. In a lifetime study in 
mice, there were statistically significant (p-—0.05) 
increases in the incidence of benign and malignant pulmo- 
nary tumors and benign uterine polyps in female mice at 
500 mg/kg/day, but not at 5 or 50 mg/kg/day. There was 
also a significant increase in mammary adenocarcinomas 
at the 500-mg/kg/day dose. This was associated with 
elevations in serum prolactin which occurred in female 
mice administered timolo! at 500 mg/kg, but not at doses 
of 5or 50mg/kg/day. An increased incidence of mammary 
adenocarcinomas in rodents has been associated with 
administration of several other therapeutic agents which 
elevate serum prolactin, but no correlation between serum 
prolactin levels and mammary tumors has been estab- 
lished in man. Furthermore, in adult human female subjects 
who received oral dosages of up to 60 mg of timolol 
maleate, the maximum recommended human oral dosage, 
there were no clinically meaningful changes in serum pro- 
lactin. 

There was a statistically significant increase (p — 0.05) 
in the overall incidence of neoplasms in female mice at the 
500-mg/kg/day dosage level. 

Timolol maleate was devoid of mutagenic potential 
when evaluated in vivo (mouse) in the micronucleus test 
and cytogenetic assay (doses up to 800 mg/kg) and 
in vitro in a neoplastic cell transformation assay (up to 
100 g/ml). In Ames tests the highest concentrations of 
timolol employed, 5000 or 10,000 4g/plate, were asso- 
ciated with statistically significant elevations (p < 0.05) of 
revertants observed with tester strain TA100 (in seven 
replicate assays) but not in the remaining three strains. In 
the assays with tester strain TA100, no consistent dose 
response relationship was observed nor did the ratio of 
test to control revertants reach 2. A ratio of 2 is usually 
considered the criterion for a positive Ames test. 

Studies in rats showed no adverse effect on male or 
female fertility at doses up to 150 times the maximum rec- 
ommended human dose. 


Pregnancy Category C: Should be used during pregnancy 
only if the potential benefit justifies the potential risk to the 
fetus. 

Nursing Mothers: Because of the potential for serious 
adverse reactions from BLOCADREN in nursing infants, a 
decision should be made whether to discontinue nursing or 
to discontinue the drug, taking into account the impor- 
tance of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS: 

BLOCADREN is usually well tolerated in properly selected 
patients. Most adverse effects have been mild and tran- 
sient. 

In a multicenter (12-week) clinical trial comparing timo- 
lol maleate and placebo, the following adverse reactions 
were reported spontaneously and considered to be caus- 
ally related to timolol maleate: 


Timolol Maleate Placebo 
(n= 176) (n= 168) 
% % 
BODY AS A WHOLE 
fatique/tiredness 34 0.5 
headache 1.7 18 
chest pain 0.6 0 
asthenia 0.6 0 
CARDIOVASCULAR 
bradycardia 9.1 0 
arrhythmia 1.1 0.6 
syncope 0.6 0 
edema 0.6 12 
DIGESTIVE 
dyspepsia 0.6 0.5 
nausea 0.6 0 
INTEGUMENTARY 
pruritus T 0 
NERVOUS SYSTEM 
dizziness 2.3 12 
vertigo 0.6 0 
paresthesia 0.6 v. 
N 
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PSYCHIAT 


decreased libido 0.6 0 
RESPIRATORY - . 

dyspnea 17 0.6 

bronchial spasm 0.6 0 

rales 0.6 0 
SPECIAL SENSES 

eye irritation 1.1 0.6 

tinnitus 0.6 0 


De ok aS ee A 

These data are representative of the incidence of 
adverse effects that may be observed in a properly 
selected hypertensive patient population, e.g., a group 
excluding patients with bronchospastic disease, conges- 
tive heart failure, or other contraindications to beta- 
blocker therapy. These adverse reactions can also occur 
in patients with coronary artery disease. 

In a different population, the coronary artery disease 
population, studied in the Norwegian multicenter trial (see 
CLINICAL PHARMACOLOGY), the frequency of the princi- 
pal adverse reactions and the frequency with which these 
resulted in discontinuation of therapy in the timolol and 
placebo groups were: 

Adverse Reaction’ Withdrawal? 

Timolo! Placebo Timolo! Placebo 

(n= 945) (n= 939) (n=945)(n=939) 
% 


Asthenia or Fatigue 5 1 «1 «1 

Heart Rate 5 <1 4 «1 
< 40 beats/minute 

Cardiac Failure— Nonfatal 8 7 3 2 

Hvpotension 3 2 3 1 

Pulmonary Edema—Nontatal 2 <1 <1 <1 

Claudication 3 3 1 «1 

AV Block <1 <1 <1 <1 
2nd or 3rd degree 

Sinoatrial Block e «1 <1 <1 

Cold Hands and Feet 8 <1 <1 0 

Nausea or Digestive 8 6 1 <1 
Disorders 

Dizziness 6 4 1 0 

Bronchial Obstruction 2 <1 1 <1 


*When an adverse reaction recurred in a patient, it is 
listed only once. 

*Only principal reason for withdrawal in each patient is 
listed. 


These adverse reactions can also occur in patients 
treated for hypertension. 

The following additional adverse effects have been 
reported in clinical experience with the drug: Body as a 
Whole: extremity pain, decreased exercise tolerance, 
weight loss; Cardiovascular cardiac failure, cerebral 
vascular accident, worsening of angina pectoris, worsen- 
ing of arterial insufficiency, Raynaud's phenomenon, pal- 
pitations, vasodilatation; Digestive: gastrointestinal pain, 
hepatomegaly, vomiting, diarrhea, dyspepsia, Endocrine: 
hyperglycemia, hypoglycemia: Integumentary. rash, skin 
irritation, increased pigmentation, sweating; Musculo- 
skeletal. arthralgia; Nervous System: local weakness, 
Psychiatric: depression, nightmares, somnolence, insom- 
nia, nervousness, diminished concentration; Respiratory: 
cough; Special Senses: visual disturbances, dry eyes; 
Urogenital: impotence, urination difficulties. 

Potential Adverse Effects: In addition, a variety of 
adverse effects not observed in clinical trials with 
BLOCADREN, but reported with other beta-adrenergic 
blocking agents, should be considered potential adverse 
effects of BLOCADREN: Nervous System: reversible mental 
depression progressing to catatonia; hallucinations, an 
acute reversible syndrome characterized by disorienta- 
tion for time and place, short-term memory loss, emo- 
tional lability, slightly clouded sensorium, and decreased 
performance on neuropsychometrics; Cardiovascular. 
intensification of AV block (see CONTRAINDICATIONS); 
Gastrointestinal. mesenteric arterial thrombosis, ischemic 
colitis; Hematologic: agranulocytosis, nonthrombocyto- 
penic purpura, thrombocytopenic purpura; Allergic: 
erythematous rash, fever combined with aching and sore 
throat, laryngospasm and respiratory distress; Miscella- 
neous: reversible alopecia, Peyronie's disease. Multisys- 
tem syndrome reported with practolol. 

Clinical Laboratory Test Findings: Slight increases in 
blood urea nitrogen. serum potassium, and serum uric 
acid, and slight decreases in hemoglobin and hematocrit 
occurred, but were not progressive or associated with 
clinical manifestations. DC7117606 
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The Kt is turnaround. time. It's 
J unusual for two, three or even four 
days to pass before you receive a report 
on your Holter patient. Then you'll pay a 
: efty marge for this time consuming 
Service. 

What's: even more critical, some phy- 
ans question the consistency of the 
reports they receive from scanning Serv- 
ices...with good reason. The high 
‘speed at which scanners operate has 
made tt difficult to incorporate sensitive 
"enough computer recognition criteria at 
an affordable cost. 

Compounding the problem is techni- 
n fatigue. Since a technician normally 
ns a number of Holter tapes at one 
ng. significant data may be missed. 
d since technician capabilities vary 
m person to person, the doctor re- 
ving a report has no way of knowing 
Low reliable the report is or is not. 


= Now the new technology of 

c nputers does the work of the 
_ technician and scanner 
"ohti in your office. 


ng into the y of micro- 
-sophisticated computers. 
e recording &nd analyzing 









ione of tie drame 








ports...in your office... within minutes 
after your Holter patient returns. AEGIS 
does all this without a specially trained 
Operator. 


Analyzes each and 
every heartbeat. 





Heal time analysis of Sadh heartbeat. 


Unlike traditional Holter monitoring 
equipment, AEGIS does not analyze a 
recording of your patients heartbeat, 
nor does it rely upon visual identification 
of condensed rhythm strips. Rather, 
AEGIS analyzes each heartbeat as it 
occurs. No scanning service or human 
eye can practically match AEGIS in 
consistency and speed. 

Here's how it works. AEGIS automat- 
ically establishes a "normal" reference 
for each patient, then compares each 
heartbeat to the normal pattern, looks 
for deviations in rate, rhythm and 
morphology, distinguishes each ar- 
rhythmia, and performs highly refined 
classification decisions. All of this data, 
analyzed in real time, is stored on an 
integral digital tape. 

Because the microcomputer works in 
real time, it is able to apply many more 
computer cycles in its decision making 
than those computers used with high- 
speed Holter scanners. 





















































Compares against what's peor 
for each individual patient...not 
against some “universal norm: 


AEGIS recognizes that no two satus 
are exactly aike. in order to analyze de- ^ 
viations more accurately, the AEGIS- 
microprocessor automatically estab- - 
lishes the "normal" reference for each. 
patient. The sophisticated computer 
program used for this function can find ^ 
and reference a patient's ‘normal’ beat. 
inless than two minutes. Furthermore, it. 
has been proven that AEGIS can estab-- 
lish a “normal” reference under a variety 
of difficult conditions such as chronic 
bigeminy, atrial fibrillation and bundle 
branch block. 

in addition, the "normal" reference is 
continually updated throughout the 
analysis period to account for changes 
in the position of the heart cue to body 
movement end changes in the pales | 
position. 


Puts the control of evaluating Holter : 
studies cirectly into your hands. 


AEGIS gives you both a rhythm strip 
along with a summary report for your. 
confirmation. The rhythm strip is a two-. 
channel electrocardiogram with thetime 
and classification of the recording and 
the specific lead processed printed right 









ythm strip for easy reference. 
inted report summarizes the 
-and classification of arrhyth- 
5 well as heart rate information 
jach one hour or quarter hour in- 
nent of the 24-hour monitoring per- 
It also calls out specific morphol- 
: S fhat require dnd review. 


ake an in-depth das 
ip inh the AU cud strip record 


e ila patient progress and to eval- 
2H uate methods of treatment. 


“Rhythm strip 
^cand summary 
: .feport for your 
. confirmation. 
© Highlights 
< morphologies 


Review results at your convenience. 
or begin treatment immediately 
when it's called for. 


No ied to wait ia for Holter results. 


The AEGIS System gives you all the data 
you need to make a sound diagnosis 
right in your office. Instead of waiting a 
day or more for results, you get them 
when you need them—a most impor- 
tant pius when dealing with patients for 
whom further diagnostic testing is sus- 
pected or must be scheduled. In short, 
you fit the AEGIS System to your 
schecule. 


The system validates itself — 
no need for repeat studies due to 
"lost" data or faulty equipment. 


LED display 
alerts you to system 
or procedure problems. 


AEGIS overcomes the problems of in- 
terference or artifacts overcoming accu- 
rate analysis. AEGIS automatically 
senses when artifacts are overwhelming 
the usefulness of information, and 
switcnes to the other lead signal for 
processing. Thus, there's no need for 
retakes due to artifacts. 


In addition, self-d 
builtinto the Heal 


system operations fro 

to report generation. 
studies due to malfun 

weak batteries or over- 
AEGIS is the only complet 
dating system. ET 


Patient hook-up to the Re 
Analyzer is identical to that of traditi 
Holter ECG monitoring systems. An 
the Report Generator is so automati 
that once the cassette tape | is inserte! 
and the printout process is sta 
requires no operator attendance. 


Takes up no more space | 
than a desk- -top copier. 2 


The AEGIS System fits easily in 

office practice. The Real Time / 

is approximately the same size as 

other ambulatory monitoring ur 

and the compact Report Ge j 

erator requires only about four 

square feet of counter space. © 
AEGIS is protected against / 

obsolescence, too. As new 

software devel- "o8 

opments and 

technological 

advances are | 

made, the AEGIS 

System can be 

inexpensively 

updated. 
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» Provides the same clinical * Puts the control of evaluating Holter : 





. . information as a scanning 7757" studies directly into your 
C hands. Provides ime- 








— e Service— with none of : OR mem cm 
— . the drawbacks. o -— s  stampedrhvthmstripand ^ 
Replaces the high- summary report for your 
Speed scanner and confirmation. 
technician — brings e System validates. 
those activities into your itself—no needfor 
Office. More convenient. repeat studiesdue — = 
to ‘lost’ data or faulty Cx 

equipment. — 


ore efficient. 
categorizes arrhythmias in real time. * Fits easily into any office. 
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Results After Operations for Left Ventricular 
low Tract Obstruction 










«MICHAEL JONES, MD The late results were evaluated of operations for- the. 
_GLENN R. BARNHART, MD tricular outflow tract obstruction in young patients, 1 to 18 year 
_ ANDREW G. MORROW, MD the National Heart Institute who were followed up for at least 
pos from recently reported studies with an average follow-up : du 
s Bethesda, iiu or more years. The operative mortality rate for the combined serie 
E iow: 1.9 percent of 522 patients with valvular aortic stenosis, 6.0 p 
of 222 patients with fixed subvalvular aortic stenosis and 5.5 p 
18 patients with hypertrophic subaortic stenosis. From the Nationa : 
institute series, gradients early postoperatively were decreased to le 
than 50 mm Hg in 88 percent (30 of 34) of patients with valvula it 
percent (15 of 22) of patients with subvalvular and in 88 percent (8 
of patients with hypertrophic subaortic stenosis. Late survival rates f 
patients in the combined series were 90 percent (472 of 522), 86, per 
(190 of 222), and 82 percent (14 of 17) in the three respective groups i 
mean follow-up periods of 5 to 14.4 years. All late survivors in the curre 
series have had symptomatic improvement; 95 percent (58 of 61) a 
asymptomatic. However, actuarial analysis in these patients predict 
30 + 8 percent of those with valvular and 44 + 10 percent of those. ' 
subvalvular aortic stenosis after 10 years will be free from the adverse 
postoperative events of residual or recurrent left ventricular outflow tra C 
obstruction, clinically significant aortic regurgitation, reoperation, en 
docarditis or late death. o 
With use of the same adverse postoperative events to determine sat 
isfactory late results from the combined series, it was found that 54 pe 
cent (281 of 522) of those operated on for valvular, 54 percent (120 
222) of those operated on for subvalvular and 78 percent (14 of 18) of 
those operated on for hypertrophic subaortic stenosis had satisfacte 
late results 5 to 14 years after operation. Of the patients having u 
factory late results, major hemodynamic abnormalities wee bn 































operations for many children with left ventricular outflow tract a obstr 
are palliative. These ‘ease n should have e &arly m 


cence and adulthood. 






Since the first successful aortic commissurotomies under di 
were performed in 1956,!? cardiac operations for valvulai 
| and other forms of left ventricular outflow tract obstruction h 
bn tha Surgery Branch, National Heart, Lung, correction of these congenital cardiac abnormalities. H y vev 
id Blood Institute, National Institutes of Health, apparent that the success of these operations must 
ee. webs bilis received vua quality of life after operation, the necessity for 1 reope 
long-term survival after operation. Accordingly, 
as mice born. late results after oper 













EM “age (na at 
ano . Operation 
Patients (mean; 

(n) range) 


10.2; 4-16 






T 11.3: 3-28 

32 9.5; 0.2-18 
127 NA; 2-21 

29 NA: 0.2-40 

30 12.1; 2-30 
151 9.5: 1-20 

52 NA; 3-28 

| 11.4; 2-18 












































NA : nformation not available, according to text; NAS = 
be 5 or more years. 


: aperation into late adolescence or adulthood. The re- 

sults of this review are compared with data on the nat- 
ral history of untreated congenital left ventricular 
_ w tract obstruction.?-9 


Selection of Patients for Review 


oe Heart Institute cases: In the present study we 
selected 78 of our patients who (1) underwent operations be- 
tween 1956 and 1976 for left ventricular outflow tract ob- 
struction, (2) were less than 18 years old at the time of their 
initial operation, and (3) were followed up for at least 5 years 
after operation. An additional nine patients with subvalvular 
aortic stenosis. were operated on during this same period; 
owever, all nine were foreign and no follow-up information 
is available after their discharge from the hospital. No other 
atients were excluded from our evaluation except those de- 
bed in the following paragraph. Only one of the 78 patients 
ost to follow-up before the outcome of his original oper- 
was known. No patient was less than 14 years old and 
jority (85 percent) were in their 3rd or 4th decade of life 
me of our current evaluation. We'-!! have previously 
on several of these patients. 
juded those patients who had prosthetic valve re- 
t as their initial operation. We also eliminated pa- 
ith severe variants of the hypoplastic left heart syn- 
d those with supravalvular aortic stenosis because 
atients were available for late evaluation. 
iously reported series: From recently published re- 
ve selected for review those series that had, or appeared 
ean long-term follow-up duration of at least 5 
je reasons for selecting these series are the 
se the mean age for most children (those over 
ith congenital left ventricular outflow tract 
n the Ist or early in the 2nd decade of life, 
tients in these series should have reached 
dulthood at the time of follow-up evalu- 
rom aA as far as we could deter- 





Duration 


(yr) of NL 
Follow-Up Patients With — 
(mean; Patients With Satisfactory | 














uded patisnte. with both valvular and subvaivular aortic stenosis 
live without reoperation or residual/recurrent aortic stenosis. 
ure n text. 1 58 percent alive without "serious incident” at 13 years, but data regarding aortic regurgitation not presented. wu 
JA information not available, according to text, but mean duration of follow-up assumed | 










range) Late Results (n) 





Late Survival (n) 






8.1; 2-10 20 (87%) 15 (6295) 
10.6; 6-16.3 34 (9296) 21 (57%) 
9.8; 5-16 28 (93%) 16 (5096) 
NA; 4-8 121 (9596) 62 (4995 )f 
15; 10-22 22 (79%) 10 (34%) 
13; NA 26 (87%) 7 (23955 
. 7.1; 0.5-16 139 (92%) 119 (7996)* 
NA5; 2-18 49 (9496) 16 (31 26) 
15.1; 6-22 33 (8096) 15 (37%) 

472 (9096) 281 (5495) 





and patients over 18 years old. t "Excellent or good" result according .. 
3 4096 satisfactory at 13 years according to the text; " Estimated from 


Also, whenever possible, we eliminated adults (patients over 
18 years of age). Nevertheless, we cannot be certain that a few 
infants and adults from the reported series were not included 
in this review, but their number should be small and should 
not substantially alter the conclusions regarding the results 
of the operations. As in our own series, we did not include . 
children undergoing valve replacement as their initial oper- 
ation. 

Analysis of follow-up results: In our series and the other 
series reviewed, we considered any death (early or late, cardiac 
or noncardiac), endocarditis at any time postoperatively, 
significant (defined later) residual or recurrent obstruction 
or aortic regurgitation, reoperation or the development of 
complete heart block to indicate a less than satisfactory late 
result of the initial operation for left ventricular outflow tract 
obstruction. In our series, and whenever possible in the series 
we reviewed, we avoided including patients more than once 
when considering these adverse postoperative events. These 
qualifications should explain any apparent discrepancies 
between the texts of the studies we reviewed and Tables I and 
II. | 

Several excellent studies could not be considered in the - 
present review because the results of operations on patients | 
with various types of left ventricular outflow tract obstruction. _ 
were evaluated together, because the duration of the follow-up. 
period was less than 5 years, or because the data regarding — 
adverse postoperative events were incomplete. 22-31 In addi- ` 
tion, certain data in the series that we did review could not be . 
included for analysis; these reasons are delineated in the 
subsequent text or in the legends of Tables I and II. i 









Valvular Aortic Stenosis 


National Heart Institute series: Forty-one patients — 
with congenital aortic valvular stenosis had aortic | 
commissurotomy with cardiopulmonary bypass be-. 
tween 1958 and 1974. Thirty-one (76 percent) were - 
male; 10 (24 percent) were female. Their ages ranged - 
from 2 to ur re rs; the average age at operation was H. 4 

1 ndicatio r operation were a peak . 















Age (yr) 
&t Operation 

Patients (mean; 
range) 





Reference 
: — author; yr) 












12 13; 4-14 
8 3.5; 0.2—18! 
35 NA; 3-16 
26 NA; 3-54 
200 74 NA; NA 
1980 40 NA; 5-57 
Present SUN. 1981 27 11; 6-17 
. Total 222 














have had "satisfactory" late results. 


Cardiac catheterization was carried out preopera- 
tively in all 41 patients. The average peak systolic 
gradient was 93 (range 48 to 180) mm Hg. The average 
left ventricular systolic pressure was 190 (range 120 to 
800) mm Hg. Twelve patients (29 percent) had a left 
ventricular systolic pressure in excess of 200 mm Hg. 
"The average left ventricular end-diastolic pressure was 
11 (range 4 to 21) mm Hg. The mean aortic valve area 
index (calculated for 33 patients) was 0.54 em?/m?. 
: Duration of follow-up period: All but 10 patients 
were recently directly evaluated by us; 4 of these were 
evaluated by direct correspondence with the patient and 
6 by contact with his or her physician. The average 
follow-up interval for all patients is currently 15.1 
(median 16) years. The average age at follow-up is 25.5 
(median 26, range 14 to 37) years. Only three patients 
have been lost to follow-up during years 1C, 13 ane] 14 


N= 41 N=3 
100 


ee “TATE POSTOP 









2 * Included five patients having both valvular and subvalvular stenosis. * Age range for all forms of left ventricular outlaw. t 
mments about data regarding haemodynamic results or severity of aortic regurgitation postoperatively (thus our assessme 
ite results may be erroneously high). $ Assumption was made that the patients with sudden death and endocarditis were d 
axt have been supplemented by personal communication-Keane JF and Toltzis RJ). Complete heart block developed in 2 


n m not available in published data; NA5 = not available in published data, but mean duration of follow-up assumed to be one 


Z . or cardiomegaly i in 21 patient | 






Duration 
(yr) of 
Follow-Up | 
(mean; Patients With 
range) Late Survival (n). 





























8.4; 5-11 11(92%) 
9.8; 5-161 5 (6396) 
6; 1-13 30 (86%) 
6; 2-15 24 (9295) 
7.4; NA 63 (8596) 
NAS; 2-15 37 (9395) 
14.4; 5-24 20 (7496) 
190 (8696) 









































after commissurotomy, and the latter two oni y 
reoperation for aortic valve replacement. : 

Operative mortality: There were no operative 
hospital deaths in our series. The reported stu 
profiled in Table I similarly describe low early p pos 
erative mortality rates, varying from 0 to 6.9 perce 
For 470 patients from Table I (excluding the stud 
Somerville et al.,!7 in which the early mortality: was 
clearly defined) the operative risk of aortic commissu 
rotomy is 1.9 percent.?6.12-16 

Currently, 33 of our 41 patients (80.5 perdent) ce 
alive. All surviving patients describe symptomatic im- 
provement and 32 are asymptomatic, whereas 21 (5 
percent) had symptoms before operation (Fig. 1). Thi 
experience is similar to that in other studies reviewed 
(Table I). : 

Electrocardiographic changes: Preoperatively, 
(63 percent) of the 41 patients had electrocardiogra 
criteria indicative of left ventricular hypertrophy 
these had associated ST-T wave abnormaliti: 
electrocardiograms remain abnormal in 17 (52 p 
of the 33 surviving patients who had left vent 
hypertrophy with or without ST-T wave abnorm 
Left bundle branch block developed in two pi 
complete heart block in none. Only 9 (27 percent 
33 patients have shown improvement by th 
pearance of left ventricular hypertrophy or a 
ST-T wave patterns, or both. These electroc 
graphic observations are comparable with those 
ported by Shackleton et al.!? (18 percent imp 
and of Lawson et al.!4 (25 percent i improve 
sack et al.!5 reported improvement in 6 
only one third had normal electrocardiogr: 
eratively. Wagner et al.8 described 35 percei 
with residual ST-T wave abnormalitie 

Roentgenographic findings: P. 
X-ray films demonstrated left ventri 

























COL PREOP 


FIGURE 2. Preoperative (PREOP) and postoperative (POSTOP) peak 
D systolic gradients for 34 patients having aortic commissurotomy for 
valvular aortic stenosis. All patients had a reduction in gradient; only 
four patients had a postoperative gradient of 50 mm Hg or more. The 
mean gradient decreased from 90 + 4 mm Hg preoperatively to 28 + 
5 mm Hg postoperatively. 












fi ndings preoperatively, now have cardiomegaly or left 
ventricular enlargement; 6 (17 percent), who had left 
ventricular enlargement preoperatively, now have 
normal chest X-ray findings. In the remainder (nine 



























: hange. 'Thus cardiomegaly persists or has developed 
in more than 60 percent of patients. This postoperative 
inding is somewhat in contrast to that of Wagner et al. 
sho reported that only 30 (35 percent) of 127 patients 
ad cardiomegaly 4 to 8 years after commissurotomy. 
! screpancies may exist in the comparison of the eval- 
| f. cardiomegaly, for which we used a car- 
racic ratio of greater than 0.50, and the roent- 


+» 


aphi 











c interpretation of left ventricular enlarge- 
or of left ventricular configuration. Additionally, 
may have left ventricular hypertrophy without 
ce of cardiac or left ventricular enlargement 
nographically. 

ynamic data: Early postoperative hemody- 
data were obtained in 34 patients within 4 years 
peration; 33 (97 percent) of these studies were 
within 12 months after operation (Fig. 2). 
stolic pressure gradient was decreased in all 
average postoperative gradient was 28 mm 
patients had a gradient of 50 mm Hg or 
88 percent had a gradient of less than 50 mm 
in 4 years) postoperatively. The bey 

| ind 








ith normal findings preoperatively) there has been no. 


7 tients. wit h. moderate or s severe aortic regurgi (B n, 5. 


only when iue Ewa were peeve d clinically. Th the 
study of Wagner et al. 66 percent of patients who had 
postoperative cardiac catheterization had a residual 
gradient of less than 50 mm Hg. B 
Nine of our patients had another postoperative — 
catheterization 3 to 19 years after the first postoperative ae 
study; seven (78 percent) showed an increase in the se- .. 
verity of obstruction, and three of the nine, who initially 
had a gradient of less than 50 mm Hg, later had a gra- 
dient of 60, 70 and 80 mm Hg, respectively. Two of the 
latter patients underwent aortic valve replacement; the 
third remains asymptomatic and is therefore being . 
followed up. Wagner et al. found that 6 (23 percent) of 
26 patients having more than one postoperative study _ 
had a larger gradient at the second study than at the 
first postoperative catheterization. z 
Reoperation: Seven (17 percent) of our 41 patients - 
required reoperation from 1 to 19 (mean 11.4) years 
after commissurotomy. One patient underwent valvu- 
loplasty for aortic regurgitation 1 year after commis- 
surotomy. The indication for aortic valve replacement 
was aortic regurgitation in three patients and residual 
or recurrent ‘obstruction in three patients. In one of 
these patients, who had a good early result, bacterial 
endocarditis and severe aortic regurgitation developed 
13 years after commissurotomy; he required emergent 
operation. None of the patients undergoing reoperation 
died early, but two died 1 and 19 years, respectively, 
after reoperation. The reoperation rates in the studies 
reviewed in Table I ranged from 5 to 35 percent. Com- 
bining the information regarding reoperation from 
studies including the present one, in which this infor- 
mation was provided yields a total of 66 reoperationsin — 
365 patients (18 percent) after a mean follow-up period 
of 5 to 15 years after aortic commissurotomy. ` 
Postoperative aortic regurgitation: À major he- 
modynamic and clinical problem after aortic commis- 
surotomy is aortic regurgitation. Preoperatively, seven . 
(17 percent) of our patients had a diastolic murmur . . 
indicative of aortic regurgitation. In all of these patients i. 
the regurgitation appeared to be mild. This preoperative 
incidence of aortic regurgitation seems to be represen 1 
tative of the reported incidence, because in three — 
studies® 13,14 the preoperative prevalence rate of aortic . 
regurgitation was 11, 18 and 12.5 percent, respectively. .. 
After commissurotomy, 25 of our patients (61 percent) .. 
had a diastolic murmur; 15 (37 percent) had moderate — 
or severe aortic regurgitation, as judged from angiog- ~ 
raphy or pulse pressure greater than 50 mm Hg, or both. 
In 7 of these 15 patients, the regurgitation was deter. 
mined to be moderate or severe within 1 year after aortic - 4 
commissurotomy, but clinically significant aortic 
regurgitation developed more than 1 year after com- - : 
missurotomy in the other 8 patients. Of these : E 


































77 and 78 percent, respectively. In these three 
ies, and the one by Wagner et al.,® aortic regurgi- 
.of moderate or severe degree was present in from 
! percent of patients postoperatively. From the 
reviewed herein and our own data, 64 of 216 or 
int. of patients have moderate or severe aortic 
tation late postoperatively.29.12-15 This per- 
` probably underestimates the incidence of 
cally significant aortic regurgitation, because in two 
of the studies cited,?9 only those patients with severe 
aortic regurgitation were described. 

- Bacterial endocarditis: In 5 of our 41 patients 
bacterial endocarditis developed 6 to 13 vears after 
operation; each of these patients had aortic regurgita- 
tion; 3 had mild and 2 had moderate or severe aortic 
regurgitation early postoperatively. One patient re- 
quired aortic valve replacement, as stated earlier, and 
one died suddenly 12 years after cure of the infection. 
He had moderate aortic regurgitation, but was asymp- 
tomatic before death. From the studies reviewed that 
provide information about the occurrence of endocar- 
ditis after operation? !?-1? and the present one, 20 (6 
percent) of 320 patients had endocarditis postopera- 
tively. The rates of endocarditis in the individual series 
ranged from 3 to 13 percent. However, 13 of the 20 pa- 
tients required reoperation or died, or both. Although 
it is difficult from this review to make a definitive 
statement regarding the risk of endocarditis after aortic 
commissurotomy, its occurrence does imply clinically 
significant morbidity and mortality. 

Late deaths: In our series eight late deaths (19.5 
percent) occurred 6 to 19 years postoperatively. Six 
deaths were cardiac in origin and five were sudden and 
unexpected. Four of the patients who died suddenly had 
moderate or severe aortic regurgitation, and one had 
residual aortic stenosis with a peak systolic gradient of 
100 mm Hg; the latter patient with obstruction died in 
the hospital the night before scheduled reoperation. An 
additional patient died from congestive heart failure 1 
year after aortic valve replacement for aortic regurgi- 
tation and 13 years after commissurotomy. Two pa- 
tients died from noncardiac causes (suicide and an au- 
tomobile accident) 8 and 14 years after operation. Thus 
among our patients the late survival rate is 80 percent, 
a mean of 15.1 years after commissurotomy. 

- In the other series reviewed the late survival rate was 





















79 percent after a mean of 15 years,? 95 percent after 4 
to 8 years, 87 percent after a mean of 8.1 years,!? 92 
percent after a mean of 10.6 years,!? 93 percent after a 
mean of 9.8 years,!^ 87 percent after a mean of 13 
years, i^ and 92 percent after a mean of 7.1 years! (Table 
n these series the causes of late death appear to be 
y divided between sudden cardiac death and 
ue to endocarditis, with reoperation a less fre- 












e origin: abn mality c of the valve. 


1 mad after. COASCO was 


se. Therefore almost. all late deaths were re- " 


ptoms, although th it ochocardiegraphic = ir 
dim ia. are peu followed, as rec- 

























































ative events for 41 patients having aortic commissurotor 
aortic stenosis (VAS). The survival curve is compared with 
age-matched population at large. The percentages and stand 
at 5, 10, 15 and 20 years shown graphically are presented i n the 
text. deu 


Survival curves: For our entire group of 41 patieni 
survival and adverse event-free curves were calculate 
by the methods of Kaplan and Meier.?* All patien 
were alive 6 years after operation. The predicted sur- 
vival rate decreased to 93 + 4 percent (number at ris 

33) at 10 years, to 86 + 6 percent (number at risk = 

29) at 15 years, and to 68 + 11 percent (number at risk 

= 3) at 20 years. These survival rates are compared in 
Figure 3 with the anticipated survival rate of the pop- 
ulation at large matched for age and year of operation, 
which is 99.7 + 0.02 percent at 5 years, 99.1 + 0.03 per- 
cent at 10 years, 98.4 4 0.04 percent at 15 years, and 97. 7 
+ 0.05 percent at 20 years.?9 uS 

Adverse event-free analysis (life table anälyi sis) 
Cumulative adverse postoperative event analysis po 
tends a less favorable long-term outlook for most.c 
dren having aortic commissurotomy. As we des 
for the patients with valvular aortic stenosis, v W 
sidered adverse events postoperatively to ine 
sidual aortic stenosis (peak systolic gradient ove 
Hg), postoperative moderate or severe aortic 1 
tation (angiographically or an arterial pulse pre 
greater than 50 mm Hg or both, associated 
murmur of aortic regurgitation), development 
terial endocarditis, reoperation or death. No pe 
having aortic commissurotomy had copiei 
block. | 

No patient was included in the event-free ana 
more than once. The postcommissurotom: ET 
event-free analysis of our series predicts t 
percent (number at risk — 27) after 5 years 
cent rasa at risk = = 1 1 after 10 years, an 
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results ofa pein 5s vede aortic ste- 
4-H 15,22 Two of these studies could not be com- 


ot Sys dilically ‘consider gui Or recurrent he- 
Y odynamic abnormalities or endocarditis; their actu- 
ial curves proe a survival of 97 percent at 13 years 


n children having aortic commissurotomy after 1 year 
of age. The analysis by Stewart et al.? predicted an 82 
percent survival rate at 14 years. The analysis by Hos- 
ick et al.!? predicted an 84 percent survival rate at 12 
. to 15 years; however, similar to our own analysis, their 
study predicted a 75 percent satisfactory result at 10 
years, but only a 30 percent satisfactory result at 15 
ears. 
- From the eight studies just cited?6.12-17 and our own 
ata presented herein, we estimated the satisfactory late 
sults of aortic commissurotomy for 522 patients 
Table I). For our evaluation of the study by Sandor et 
.,16 we used the actual number of patients not having 
adverse event, based on the data in their text, rather 
than using their projected actuarial analysis. For our 
evaluation of the study by Wagner et al.$ we considered 
at patients had a satisfactory late result if their out- 
ome was considered “good or excellent." We may have 
imated the number of patients having satisfac- 
results because of the lack of certain informa- 
pecially with regard to the occurrence of endo- 
is and of significant aortic regurgitation. Thus it 
' that of 522 children having aortic commissur- 
ny for congenital valvular aortic stenosis, 281 (54 
had a satisfactory late result after follow-up 
eraging 5 to 15 years after aortic commissur- 





jon ‘after Comintsdrolgms io: patients | 


8 patients are symptomatic, limited by pai ji LAL d 








- PREOP LATE POSTOP 


FIGURE 4. Preoperative (PREOP) and late postoperative (POSTOP) ' 
functional class for patients undergoing operation for fixed subvalvular — 
aortic stenosis. Twelve (60 percent) of the 20 late survivors remain. 
asymptomatic; the remaining 8 are in functional class ll, being limited 
by palpitations or fatigue at their most recent evaluation. 


evaluated by correspondence. The average follow-up. 
interval was 14.4 years, and the average age at follow-up 
study 24 years. One patient was lost to follow-up study 
6 years after his initial operation, and then only after 
mitral valve replacement. 

Preoperative cardiac catheterization was performed 
in all patients. The average left ventricular systolic 
pressure was 189 (range 120 to 268) mm Hg, and the 
average left ventricular end-diastolic pressure 13.9 
(range 4 to 45) mm Hg. The peak systolic left ventricular 
outflow tract gradient ranged from 35 to 170 mm Hg 
(average 91). One of these patients had severe aortic 
regurgitation due to endocarditis and underwent in- 
sertion of two prosthetic aortic leaflets and resection of 
a subaortic membrane in 1963. The second patient had 
an associated sinus of Valsalva fistula to the right ven- 
tricle with a large left to right shunt. | 

Operative mortality: There were two hospital 
deaths (7 percent). One patient died 24 hours after op- . 
eration with cardiogenic shock; this patient had the — 
diffuse (tunnel) form of fixed subvalvular aortic stenosis 
and obstruction was inadequately relieved. The second- 
patient died from uremia and sepsis 1 month after op- — 
eration. Our review of series that reported the re: 
of operations for fixed subvalvular aortic stenosis in- 
dicates early mortality rates ranging from 0 to 14 per- - 
cent. 7..18-29 For 143 patients from these series and < 
own, the early risk of death with operation for fix ! 
subvalvular aortic stenosis is 6 percent. eo 

Symptomatic status: Preoperatively, 10 patients (37° 
percent) were in New York Heart Association functional 
class I, 15 patients (56 percent) in class IL, 1 patient in 
class III and 1 patient in class IV. Of the 20 late survi- - 
vors in our series, 12 (60 percent) are without symptoms; 
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PREOP 
FIGURE 5. Preoperative (PREOP) and postoperative (POSTOP) peak 
systolic gradients for 22 patients undergoing operation for fixed sub- 
valvular aortic stenosis. All but one patient had a reduction in gradient; 
the exceptional patieni proved to have the diffuse (tunnel) variant of 


subaortic stenosis. The average gradient was 119 + 11 mm Hg pre- 
operatively and 39 + 11 mm Hg postoperatively. 


Electrocardiographic changes: Left ventricular 
hypertrophy was present electrocardiographically in 21 
(78 percent) of our patients before operation; 10 of these 
patients had associated ST-T wave abnormalities, and 
no patient had a conduction disturbance. Postopera- 
tively, the electrocardiogram remains abnormal in 11 
(55 percent) of 20 late survivors; 9 patients have left 
ventricular hypertrophy, but only 3 of these have re- 
sidual ST-T wave abnormalities. In two patients left 
bundle branch block developed at operation. Of the 20 
late survivors, eight (40 percent) have had improved 
electrocardiographic findings, either with loss of voltage 
criteria for left ventricular hypertrophy or loss of ST-T 
wave abnormalities, or both. The electrocardiogram of 
nine patients (45 percent) has not changed from the 
preoperative one, and the electrocardiogram of three 
patients (15 percent) has deteriorated. One patient who 
died 2 months postoperatively sustained complete heart 
block at operation and required insertion of a pace- 
maker. Residual left ventricular hypertrophy in the 
studies reviewed ranged from 20 to 72 percent. 1214.18,21 
The incidence of complete heart block reported in three 
of these series is: 1 in 35, 0 in 26 and 3 in 40.19.19.21 Thus 
the risk of developing complete heart block at operation 
for 128 patients in those series in which it was described 
n the present series is 4 percent. 














loplasty in one patient; each of these second ope 





m 
t udie 










systolic gradient was 38 mm Hg. The mean left ven 
tricular end-diastolic pressure in the 22 patients was: ) 
mm Hg. The other studies reviewed do not present early 
postoperative catheterization data on the majority of. 
their patients. Seven of our patients had a residual 
gradient of greater than 50 mm Hg. Five of these pa 
tients, although preoperatively diagnosed as having | 
discrete fixed subvalvular aortic stenosis, are presently 
considered to have a variant of the diffuse form of thi 
anomaly. In one additional patient a small aortic anulus 
was thought to be the reason for the residual gradient; 
this patient underwent reoperation for aortic anulo- 
plasty. Another patient had a residual gradient of 63 
mm Hg, but currently is in his 22nd year after operation 
and has no symptoms. | 
Reoperation: Six (22 percent) of our 27 patients re- 
quired another operation 3 weeks to 16 years after their - 
original operation. Of these six patients, three required | 
reoperation because of ineffective relief of obstruction 
at the original operation. Each of these patients, retro 
spectively, probably had the diffuse form of this 
anomaly. In two of these patients with residual ob- 
struction, reoperation consisted of more extensive 


section of subaortic tissue, plus concurrent aortic 




































was ineffective in reducing the left ventricular outf 
tract gradient to less than 50 mm Hg. The third pati 
recently underwent left ventricular apical aortic conduit 
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- FIGURE 6. Postoperative life table analysis of survival and adverse 
_ events for 27 patients undergoing operation for fixed subvalvular aortic 
_ stenosis (SAS). Survival and evert-free curves are compared with those 


-. of the age-matched population a: large. The percentages and standard 


- errors at 5, 10, 15 and 20 years shown graphically are presented in the 
|» text. co 


. In the other series we reviewed, reoperation rates varied 
. from 4 to 38 percent. Although most patients appear to 
- require reoperation for residual left ventricular outflow 
- tract obstruction, the importance of intraoperative in- 
|. jury to the anterior leaflet of the mitral valve deserves 
. emphasis. In addition to our two patients, seven patients 
_ (two, one and four, respectively) who sustained injury 
. to their mitral valve are described in three of the re- 
| ported series. 18-20 
-=> Postoperative aortic regurgitation: The presence 
_ of aortic regurgitation in patients with fixed subvalvular 
-. aortic stenosis is well known?9; 18 (67 percent) of our 27 
.. patients had a diastolic murmur characteristic of aortic 
regurgitation preoperatively. Postoperatively, 8 (40 
. percent) of our 20 patients have findings of significant 
. 8ortic regurgitation (as defined in the section on val- 
-. vular aortic stenosis). None of these eight patients are 
currently symptomatic, but one has had aortic valve 
eplacement. ‘The echocardiographic left ventricular 
imensions are being followed, as suggested by Henry 
et al3233 The average left ventricular diastolic and 
ystolic echocardiographie dimensions of these seven 
atients are 45 and. 30 mm, respectively. 'The presence 
egurgitation noted by others after operation 
d subvalvular aortic stenosis has been vari- 



















al.?! (0 in 37). These reports are in 
the high incidence rate of bacterial endo- 

tients with fixed subvalvular aortic stenosis 
y treated patients are at less risk 
peration and relief of the 
ut further follow-up study is 
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ation. The patient who died 2 months after _ 
operation had sustained complete heart block at ope 


ation. Although a pacemaker had been implanted, 
died suddenly and unexpectedly at home. Of the re- . 
maining four patients, three had residual obstruction | 
and died suddenly. The fourth patient had significant 

postoperative aortic regurgitation and died 9 years after 

his operation. 

For comparison, late survival in the other series we 
reviewed is presented in Table II. 'The late survival rate 
in our series is somewhat lower than that in the other 
series, and probably reflects the longer period of fol- 
low-up compared with that of the cther series as well as 
our failure to recognize the diffuse form of fixed sub- 
valvular aortic stenosis in several of our early patients. 
For the 217 patients reported in the combined series 
presented in Table II, the overall late survival rate is 85 
percent for mean follow-up periods ranging from 6 to 
14.4 years. s 

Survival and adverse event eurves: For our 27 
patients, survival and adverse event curves were con- 
structed by the methods of Kaplan and Meier.?^ The 
postoperative events that were considered adverse were 
the same as those defined in the previous section on 
valvular aortic stenosis, including the presence of 
complete heart block. By this analysis the percentage 
of patients surviving would be predicted as 89 + 6 per- 
cent (number at risk = 24) at 5 years, 81 + 8 percent 
(number at risk = 17) at 10 years, 81 + 8 percent 
(number at risk = 14) at 15 years, and 67 + 11 percent 
(number at risk = 4) at 20 years (Fig. 6). The life ex- 
pectancy of an age-matched population is 99.7 + 0.02 
percent at 5 years, 99.1 + 0.03 percent at 10 years, 98.4 
+ 0.04 percent at 15 years and 97.7 + 0.05 percent at 20 
years. However, similar analysis predicts that the 
likelihood of a patient surviving without an adverse 
event is only 44 + 10 percent (number at risk = 12) at 
5 years, 44 + 10 percent (number at risk = 10) at 10 
vears, 40 + 10 percent (number at risk = 9) at 15 years, 
and 40 + 10 percent (number at risk = 2) at 20 years 
(Fig. 6). 

Satisfactory late results for each of the series are. 
presented in Table II. We considered patients to have 
a satisfactory late result as described in the previous. 
sections. This comparison of the series in Table IT is an 
approximation because not all studies reported. data 
regarding all of the adverse postoperative events. For 
example, two studies!®2° did not provide information. 
about postoperative left ventricular outflow tract gra- 
dients; therefore, the satisfactory results in these series 
may be erroneously high. In each of the series. we made 
an attempt to exclude each patient from the satisf 
result group only once even though he may ha 
more than one adverse event, for example, end« 
and aortic valve replacement. Therefore. 
patients, only 122 (54 perct ar 
satisfactory late result after. 
6 to 14.4 years after resection 


stenosis. > 










PREOP |. LATE POSTOP 


IGURE 7. Preoperative (PREOP) and late postoperative (POSTOP) 
p functional class for 10 patients undergoing operation for hypertrophic 
-:subaortic stenosis. Four of the eight late survivors were asymptomatic 
- at their most recent evaluation; the other four patients were mildly 
sod limited by fatigue or dyspnea or both. 










Hypertrophic Subaortic Stenosis 


.. National Heart Institute series: Ten of the 314 
. patients who underwent operation for hypertrophic 
- Subaortic stenosis at the National Heart Institute were 
.18 years of age or less at the time of operation and the 
9 patients who survived operation were followed up for 
‘or more years. Current follow-up evaluations have 
been performed on all patients at our institution. The 
average age at operation was 14 years (range 7 to 18). 
There was one hospital death and one late death. The 
average age at follow-up i is 23 years of age; the average 
. duration of follow-up is 8.1 years. 
. All patients were symptomatic (New York Heart 
Association functional class II or III) preoperatively, 
-with the symptoms of syncope or angina, or both, pre- 
-dominating (Fig. 7). One patient had been resuscitated 
-from sudden death before operation. Electrocardi- 
 ographically, all patients had normal atrioventricular 
-conduction and eight had left ventricular hypertrophy. 
-Seven of the 10 patients had cardiomegaly on chest 
, X-ray examination. 
. All patients had preoperative cardiac catheteriza- 
tions. The average left ventricular systolic pressure was 
:174 mm Hg and the average left ventricular end-dia- 
-Sstolic pressure 24 mm Hg. The peak systolic left ven- 
tricular outflow tract gradient at rest was 78 mm Hg 
(range 0 to 150). Four of the 10 patients had a gradient 
of less than 50 mm Hg at rest, but all 4 had a provokable 
-gradient of greater than 50 mm Hg. 
— Details of the operative methods utilized in these 
patients have been reported elsewhere.?? Eight patients 
underwent left ventricular myotomy and myectomy; 
ne of them required concomitant mitral valve re- 
acement. The pre sgungest paronin: i 9 and 10 





















































PREOP 


FIGURE 8. Preoperative (PREOP) and postoneribié (POSTOP es 
peak systolic gradients in nine patients. who survived oper 
hypertrophic subaortic stenosis. Four patients have no resting dare N 
and all but one have a gradient of less than 50 mm ‘Hg. See text fc 
details. 


Mortality: The only early death was in the patien 
who also required mitral valve replacement: One late 
death occurred suddenly in a patient 13 years postor 
eratively; cardiac catheterization at 11 months post. 
operatively had revealed a peak systolic gradient of 2 
mm Hg at rest. 

Follow-up data: Of the remaining eight: patients 
four are asymptomatic; three others are minimall 
limited primarily by fatigue or dyspnea, or both ( 
7). Electrocardiograms show left bundle bran: 
in five patients and left ventricular hypertrop 
One patient has a normal electrocardiogra 
tients continue to have cardiomegaly on che 
film. Cardiac catheterization was performed : 
nine early survivors within the 1st postope 
(Fig. 8). The average peak systolic gradient c a 
22 mm Hg (range 0 to 120). The patient wit 
mm Hg gradient i is being considered for fur 
tion. In six of the nine patients provocati 
tions were carried out during cardiac catheteri: 
in none of these six patients was the gradi t gre 
than 45 mm Hg with provocation. — uie n 

Late results: These patients represent le 
percent of the total number of pur 
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ionths after operation. 
e think that the operation for this 
à palliative one, and adhere to the 
peration should be reserved for those pa- 

severely symptomatic in spite of medical 
‘the exception of patients resuscitated 
iac arrest." In children, we prefer to delay the 
intil they reach a size that permits septal 
o be performed by the transaortic route. 











'ognosis of Patients Without Operation for Left 
~ Ventricular Outflow Tract Obstruction 
Precise information regarding the natural history of 
patients with severe left ventricular outflow tract ob- 
-struction who are not operated on is difficult to obtain. 
. For practical purposes we are limited to the studies of 
-Hohn et al.,? Campbell's study? and his analvsis of the 
study of Landtman et al.* and the study of Wagner et 
alë Each of these studies has its limitations. In the 
Profile and Natural History Study of Congenital Car- 
- diac Defects? sponsored by the National Heart Institute 
and the American Heart Association in 1965, most pa- 
tients with severe aortic stenosis were operated on. 
- Additionally, in that study there was no clear distinction 
among infants, children and adults. However, ap- 
_ proximately one half of the operated patients not op- 
erated on who were initially without symptoms showed 
eterioration over the mean follow-up period of 7 
ears. 
. Campbell's study? has the limitations of being a ret- 
'ospective one, of including alive and dead patients and 
ff not having objective hemodynamic data documenting 
severity or anatomic location of the obstruction. It 
ears likely that many of his patients had less than 
bstruction, at least on entering the study. 
ess, it is the only study carrying a number of 
hrough one or more decades and into adult- 
Jur review's late survival rates for a total of 744 
s, who may be anticipated to have been in their 
, the time of follow-up (Tables I and ID), were 
; for valvular aortic stenosis and 86 percent for 
ubvalvular aortic stenosis. In comparison one may 
(from Campbell's Table V?) that somewhere 














































umway NE, Niazi SA, Benjamin RB. Aortic valvu- 

Mer direct vision during hypothermia. J Thorac Surg 
481-99. E 

aton BC, Blount SG Jr, Swan H. Congenital aortic 

| to. 22 years after valvulotomy. Arch Surg 1978; 
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e series of patients we analyzed, 54 per 
considered to have a satisfactory late result; whereas . 
Campbell considered only between 20 to 40 percent to — 
be “well” at ages 20 to 30 years. E 

The natural history study sponsored by the National - 
Heart and Lung Institute? although an ambitious one, _ 
has the limitation of a somewhat short follow-up period 
(4 to 8 years), as well as the limitation that most patients 
with critical obstruction underwent operation. However, 
of those 294 patients not having operation, seven (2.4 
percent) died and only 60 percent were without evidence 
of deterioration. 
























Conclusion "ded 
Thus although the patient groups in these natural 
history studies of nonsurgically treated left ventricular 
outflow tract obstruction are not directly comparable . 
with the patient groups studied in our review of the 
long-term operative results, it does appear that opera- . 
tion for children with critical obstruction improves the 
long-term prognosis. In our patients and in the patients 
in the series reviewed herein, the operative mortality 
rate is low: 1.9 percent for valvular aortic stenosis, 6 
percent for fixed subvalvular aortic stenosis and 6 per- 
cent for hypertrophic subaortic stenosis. Most patients 
experience an improvement in symptomatic status 
postoperatively and most have relief of obstruction. 
However, probably none of these operations can be 
considered curative ones. The postoperative problems. 
of residual or recurrent obstruction, aortic regurgitation, 
endocarditis, reoperation, complete heart block and late 
death produce less than satisfactory results for ap- 
proximately one half of patients. Importantly, many of- 
the patients having late unsatisfactory results may be _ 
identified by clinical and hemodynamic evaluation early 
postoperatively. We conclude by emphasizing there- 
sponsibility for continuing long-term follow-up evalu- | 
ation of patients having operations for left ventricular 
outflow tract obstruction with the objective of elimi- 
nating or alleviating unsatisfactory late results. | fos 
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Atriotomy and Ventriculotomy on the Endocardium, ? 





The endocardium was analyzed in all four chambers of 99 hearts wit h 


various types of congenital heart defects in which surgical repair was 
performed more than 6 wee a 










eks before death. The findings were compare 
with those of normal hearts in similar age groups. In some cases the en- 
docardium was microscopically examined. This study revealed that in 
many cases all four chambers had fibroelastosis of the endocardium: 
(diffuse regardiess of the type of surgery done previously). These data 
suggest that diffuse fibroelastosis can occur as a result of surgical inter- 
vention and may be related to blocked lymphatic drainage. Sudden death 
in some patients long after surgery for congenital heart disease and the 
failure of the chambers to regress to normal size in some cases after total 
surgical repair may be related to fibroelastosis of the chambers. 

The sinoatrial node may be injured in atriotomy and in the performance. 
of the Mustard procedure. Ventriculotomy may injure the right bundle 
branch. Ventriculotomy may also injure the coronary supply to the right 
ventricle or rarely the anterior descending coronary artery. 





In this paper we discuss the effects of atriotomy and ventriculotomy on 
the endocardium, conduction system and coronary arteries. We donot 
consider the effects of these procedures on the myocardium, which have 
been reported by others.'-? oe 


The Normal Endocardium 


McMillan and Lev‘ studied the endocardium of the normally formed 
heart in all age groups. They found that the endocardium differs in 
structure both grossly and microscopically from chamber to chamber, 
and from area to area in the same chamber. Basically the endocardium 
consists of the endocardium proper and the subendocardium. The 
docardium proper consists of the epithelium under which there i 
amount of elastic and collagenous tissue and an internal elastic lar 
The subendocardium consists of a mixture of thick collagenous : 















elastic fibers. Focally this endocardium is thickened by proliferation of 
elastic and collagen fibers, and in some areas smooth muscle is alsc 
present. In these areas focal endocardial hypertrophy is conside 

present. | BEN 
In the normal right atrium these focal areas of endocardial hype 
trophy are situated on the limbus and in the fossa ovalis and also at 
mouth of the superior vena cava. The right ventricle shows only.o 
sional zones of such thickening beneath the pulmonary valve and on 
crista. The left ventricle presents focal endocardial hypertrophy at 
base of the septum, beneath the mitral valve and on the papillary 
nly l 























is process consists of a diffuse pro 


round 
























































de detect primum type 


tlet right ventricle 

transposition of the great arteries 
atrioventricular orifice, complete type 
d transposition of the great arteries 

Y's anomaly of tricuspid valve 

nt ductus arteriosus 

lated pulmonary valve stenosis 

lated aortic valve stenosis 
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the normal endocardium in focal hypertrophy and of the 
normal left atrium in diffuse hypertrophy. 


Endocardium in Congenital Heart Disease 


Inthe last 24 years we have studied the endocardium 
piosidy i in 5,150 cases of congenitally abnormal hearts 
and histologically i in selected cases, using our normal 
findings as points of reference. We found that there was 
an increase in focal hypertrophy in many areas in some 
hearts hot operated on, as a result of altered E 
diffuse endocardial hypertrophy that is normally seen 
in the left atrium and when seen abnormaily, is called 
fibroelastosis. Thus distinct fibroelastosis was evident 
in (1) the endocardium of the left ventricle in hypoplasia 
of the aortic tract complex with aortic atresia and mitral 
stenosis, and (2) the endocardium of the right ventricle 
in pulmonary atresia with tricuspid stenosis. À complete 
discussion of the endocardium of each lesion not treated 
surgically is not the subject of this paper. The cases were 
used as controls in evaluating the endocardium with 
surgical intervention. 


| Heart After Surgical Intervention 
fhe Endocardium 
- We studied the endocardium grossly in 99 hearts with 
*old" surgical intervention (that is, surgery performed 
at least 6 weeks before death). These included hearts 
with atriotomy or ventriculotomy, and hearts without 
either. Selected hearts were studied histologically. The 
types of hearts studied are given in Table I. 
‘As stated, the endocardium was judged in relation to 
normal findings for that age. We were thus able to 
compare hearts with and without surgical treatment in 
each type of congenital heart disease. Table II gives the 
findings in atrial septal defect, secundum type; atrial 
septal defect, primum type; ventricular septal defect 
(Fig. 1); tetralogy of Fallot (Fig. 2); double outlet right 
tricle (Fig. 3); complete transposition; common 
ntricular (A-V) orifice, complete type (Fig. 4, 5); 
lant (mixed lévocardia; atria, 



























situssolitus; ven-  quentl 
f tricuspid valve; "ovde 


not beide to surgery. The fibroela: 
affected the chamber within which thes 
but also often occupied the chambers i it 


q 
cause of this ' surgical" fibroelastosis 
Causes of surgical fibroelastosis 
causes of fibroelastosis have been reviewer 
They are infection, hypoxia, genetics, à 
and lymph drainage obstruction. Which of tl 
or others may be operating in surgical fib 
Surgical handling of the endocardium may b 
This would account for the involvement of the char 
that the surgeon opens to excise tissue or to suture 
may account for other chambers, as well because, i 
sense, the whole heart is being manipulated bu 
necessarily incised or sutured. 'Then, of course, ano 
related to anoxic arrest may play a role as well as 
dioplegia by other means. In addition, we especi: 
espouse the theory of blocked lymph drainage. _ 
Blocked lymph drainage of the heart: As is well 
known, the lymph drainage of the heart is from the et 
docardium to the epicardium. There are right anc e 
currents. The left side of the lymphatic plexus empti 
into a trunk in the posterior longitudinal sulcus, follow 
the left A-V sulcus and unites with two anterior trun 
which emerge from the anterior longitudinal. sulcu : 
Thus is formed the left principal lymph-collecting 
trunk, which proceeds along the left and posterior sur 
faces of the pulmonary trunk to terminate in a node at 
the tracheal bifurcation or right paratracheal chain or 
rarely, in the anterior mediastinal nodes. These go to t! 
right jugulosubclavian junction. The right side of: T 
plexus covers the entire right ventricle except. for ¢ 
portion adjacent to the anterior longitudinal sul 
collecting trunk is formed at the inferior limb 
right A-V sulcus, which in turn forms the right pr 
collecting trunk. T'his ascends on the anterior su 
of the aorta, along the aorticopulmonary groo\ 
somewhat to the right of it. It terminates most oft 
a node of the anterior mediastinal group in fror t 
origin of the left common carotid artery. Thess 
with the jugulosubclavian junction. Along tł 
scribed pathways lie intercalated nodes. 
It is possible that surgical manipulation any 
along the course of the lymphatics may, with tin 
struct the flow of lymph and lead to fibroela: 
various ae This was shown experimg 
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FIGURE 1. Endocardial fibroelastosis of the left ventricle (LV) after old 
surgery for repair of ventricular septal defect. Note the white lining of 
the chamber. In Figures 1 to 5 the process was diffuse in the chamber; 
hence the term fibroelastosis. AO = aorta. 





FIGURE 2. Endocardial fibroelastosis of the right ventricle (RV) after 
old surgery in repair of tetralogy of Fallot. PV = pulmonary valve. 





elastosis (EFE) of the left ventricle after old surgery for repair of double outiet right ventricle. (Weigert-van Gieson stain 





“FIGURE 4. Endocardial fibroelastosis of the right atrium (RA) and right 
ventricle (RV) after old surgery for repair of common A-V orifice. 


form i in a Ivia phatic channels after obstruction,!! possibly 
explaining why certain chambers are especially involved 
an some cases, and others are not. 


The Coronary Arteries 


The coronary arteries in hearts with tetralogy of 
Fallot are an important consideration in ventriculo- 
tomy. We!” previously showed that in tetralogy of Fallot 
the aortic cusps are rotated in a counterclockwise 
fashion looking downward from the aorta into the 
ventricles. This sometimes results in the right coronary 
cusp giving off the anterior descending coronary artery. 
This may occur where a single coronary artery arises 
from the right sinus of Valsalva to give off the anterior 
descending coronary artery, or where the latter artery 
arises from the right coronary artery. In either case the 
anterior descending artery passes beneath the anterior 
surface of the base of the pulmonary trunk or passes 
over the middle surface of the anterior wall of the right 
ventricle. In addition, there may be a very prominent 
conal artery. As is well known, the coronary arteries 
passing over the anterior wall of the right ventricle are 
enlarged in tetralogy of Fallot. Thus in the past it 
sometimes happened that either the anterior descend- 
ing or the conal artery was cut in ventriculotomy. Of 
course, this happens rarely today. 


The Conduction System 


Both atriotomy and ventriculotomy can injure the 
f conduction system. 
-.. Atriotomy: In atriotomy, the sinoatrial (S-A), 








‘atrioventricular (A-V) nodes and the atrial preferential 
pathways may be involved. 





































FIGURE 5. Endocardial ibroelastasis of the left siu (LA) ai 
ventricle (LV) after old surgery for repair of common AN ori 


The S-A node is situated in the sulcus terminalis and 
extends from the hump of the atrial appendage to the. 
Wenckebach bundle.? The superior preferential 
pathway extends from the junction of the head of the 
node with Bachmann’s bundle along the superior part 
of the wall of the atrial septum, then swings down to the 
approaches to the A-V node. The middle preferential 
pathway extends from the proximal middle part.of the 
S-A node, swings posteriorly into the atrial septum, 
passes through the limbus and joins the superior path- 
way. The inferior preferential pathway proceeds from 
the tail of the node along the sulcus terminalis, swings - 
into the lower part of the atrial septum to reach the - 
coronary sinus area. : 

The approaches to the A-V node are thus situated - 
superiorly and inferiorly, proximal to the node. The A-V 
node is situated distal to the upper part of the mouth. 
of the coronary sinus, between it and the medial leaflet 
of the tricuspid valve. : 

Atriotomy may pass through part of the S-A node.13 - 
More commonly the incision passes through the ap- 
proaches to the S-A node. Interference with the ap- 
proaches to the S-A node may separate the node from . 
or diminish its connections to the A-V node. i 

In the Mustard procedure, the S-A and A-V nodes ` 
may be injured.!4 In addition, the atrial preferential. 
pathways may be completely cut across. Because the 
middle and inferior pathways must be completely or 
partially severed in this procedure, it is wise to keep the 
superior pathway intact. 

Ventriculotomy: The fundamental problem in 
ventriculotomy is the integrity of the right bund 
branch. In addition, the scar in the right ventricle ma 
become an arrhythmogenic focus. 

The right bundle branch" passes from the bifurca 
tion, situated in the lower confines of the pars mem 
brane pw the ies band about 1 mm beneath! 








: Ice € npk Ve 
block. 15 Tf the vetiHioulotomy i is more on the left portion 
of th 





the anterior wall, it may cut across the moderator 
band to give complete right bundle branch block.!5 

-dn ventricular septal defect, in pure levocardia 
(concordant chambers), the A-V bundle lies on the in- 
ferior- wall of the defect or slightly to the left of the 
summit. At its junction with the right bundle branch, 
it is frequently cut or the beginning of the right bundle 






branch may be cut, producing right bundle branch - 


block. In tetralogy of Fallot, the A-V bundle lies more 
to the left of the summit. In ventricular septal defect in 
mixed levocardia (atria, situs solitus; ventricles, in- 
verted), the A-V bundle usually passes over the anterior 
wall of the morphologically left ventricle beneath the 
pulmonary valve.!6 It then swings downward over the 
superior and distal walls of the ventricular septal defect. 
Ventriculotomy near the base of the pulmonary trunk 
may sever the bundle in repair of pulmonary or sub- 
pulmonary stenosis in mixed levocardia. 


Discussion 


-.. The long-term effects of cardiac surgery in congenital 
heart disease are not yet known. We know that the heart 
may not return to normal size for months or years after 
surgery. Whether this is due to changes related to sur- 
gery in the endocardium, myocardium, conduction 
system or coronary arteries or to residual defects or 
valvular abnormalities, singly or in combination, re- 
mains to be determined. 
== Role of fibroelastosis due to blocked lymph 
drainage: In our studies of the endocardium after old 
surgical intervention, in many cases we found fibroel- 
-astosis not only in the chamber that the surgeon han- 
dled but also in other chambers. This raises the question 
whether the lymphatics are disturbed and obstructed 
‘in cardiac surgery. The production of fibroelastosis by 
the surgeon may not be an innocuous condition. It may 
result in a dilated or contracted heart and may be re- 
‘sponsible for the delay in the heart's return to a normal 
-size after surgery. In some cases the condition may re- 
.sult in sudden death. Although the role played by the 
bstruction of the lymphatics in surgery is speculative, 
rgeon should be aware of the lymph drainage and 
possible importance.  . 
ole of ventricular patch: Another factor of pos- 
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condition. However, as the patient ages, sclerosis of the : 


left side of the cardiac skeleton may develop!? (aging .. 


changes in the summit of the ventricular septum), 
leading to left bundle branch block. Thus the patient 
may eventually have complete A-V block. We may an- 
ticipate an increase in the number of cases of A-V block 
in years to come, related to previous surgery and the 
surgical production of right bundle branch block. 

Coronary arterial injury: Ventriculotomy must be 
fashioned so as not to disrupt the coronary arteries that 
pass over the right ventricle. Of course the cutting or 
injury to the anterior descending coronary artery may 
be an acute catastrophic event. However, even the 
cutting of a large conal branch may affect the blood 
supply of the right ventricle to produce fibrotic areas. 
Such areas may be sources of arrhythmias. 

Sinoatrial nodal damage: If the Mustard operation 
continues as a procedure of choice in the treatment of 
complete transposition of the great arteries, we may 
anticipate an increase in the number of patients with 
the sick sinus syndrome and with sudden death. Even 
though the S-A node may not be injured directly at 
surgery, the progressive fibrosis in this area that may 
occur later may disrupt the S-A node. Likewise, the 
routine removal of the middle and inferior preferential 
pathways in the Mustard procedure, coupled with the 
atriotomy, leaves only the superior preferential pathway 
as the connection between the S-A and A-V nodes. With 
time, this pathway may become fibrotic, yielding A-V 
block. 

Conclusions 

1. Atriotomy may disturb the S-A node and the atrial 
preferential pathways and the external pathways from 
the S-A to the A-V node. This disturbance may produce 


acute arrhythmias. If such injury does not manifest it- - 


self early, it may result in the later appearance of ar- 
rhythmias and even subsequent sudden death. ' 

2. Ventriculotomy may injure the conduction system 
and produce right bundle branch block. With the aging. 
of the patient and the development of sclerosis of the 
left side of the cardiac skeleton, complete A-V block 
may develop. The fibroelastosis seen in the left and right 
ventricles may involve the various parts of the con- 
duction system (because the periphery of the conduc- 
tion system is mostly subendocardial) and may result 
in various arrhythmias and sudden death. 

3. In ventriculotomy, the coronary circulation of the 


right ventricle must not be in jured. Injury totheante- - 


rior descending coronary artery arising from the right 
coronary artery may result in acute events. Even injury 





to a conal branch ont aon to the even tial appearance 
of orit both 2 E 


ventriculotomy and at present is considered a benign = 
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esidua and Sequélae of S urgery dor 
al H eart D Defects 


| - electrophysiologic. abnormalities that have bee i 
. = surgical treatment of congenital heart defects. The incidence and - 
veu mechanisms of p postoperative arrhythmias i is also discussed. 





Postoperative. arrhythmias. may occur in any patient who undergoes in- 


tracardiac surgery for a congenital heart defect. The correction of certain 


intracardiac heart defects predisposes to a large incidence of cardiac 


arrhythmias. Ventricular arrhythmias and conduction disturbances are 
- seen after correction of tetralogy of Fallot, ventricular septal defect and 


atrioventricular canal defect. Supraventricular arrhythmias and sinus nodal 
dysfunction may be seen after surgery for transposition of the great ar- 
teries or atrial septal defect. The identification, evaluation and treatment 
of these patients are discussed. 


Palliative or reparative cardiac surgery is currently available for most 
forms of congenital heart defect. Improvements in surgical techniques 
and care during and after surgery have resulted in increasing survival 
of children with these defects. Various electrocardiographic patterns 
occur or evolve postoperatively. Of great concern is the significant in- 
cidence of postoperative arrhythmias, many of which are sudden, 
unexpected and life-threatening. The apparent increase in the incidence 
of such arrhythmias may be related to improved operative survival or 
increased awareness of them. Likewise, improved monitoring tech- 
niques--including continuous intraoperative and postoperative moni- 
toring, long-term continuous ambulatory electrocardiographic moni- | 
toring, transtelephonic monitoring, exercise stress testing and intra- 
cardiac electrophysiologic studies—have served to identify the extent 
of this highly significant sequel te surgical intervention in the patient 
with a congenital heart defect. 

All patients who undergo intracardiac surgery are at risk for the de- 
velopment of postoperative arrhythmias. However, the correction of 
certain defects predisposes to a greater incidence and to specific types 


of abnormal cardiac rhythms. Children who undergo surgical correction - 


of tetralogy of Fallot or transposition of the great arteries have a par- 
ticularly large incidence of postoperative arrhythmias. Repair of atrial 
septal defect, ventricular septal defect and atrioventricular. canal defect - 


also results in a relatively large incidence of arrhythmias. As surgical - 
survival in patients with more complex congenital defects improves, the — 
. incidence of postoperative arrhythmias i in these. patients: is likely to in- . 
crease. i 


The discussion that follows. descr Bs the. electrocardiographic dad ; 





Tetralogy of. Fallot 


NO * Ee ‘Over ihe past decade, considerable controversy has existed over the | 
3 ignificance of electrocardiographic changes after repair of tetralogy. of | 


allot. dereud D ven ricular. ertrophy and Tigh a a 


uall shifts | 


in noted in patients after |. 





FIGURE 1. Specialized conduction system map in proximal right bundle 
branch block (tetralogy of Fallot). Electrocardiographic lead Ill (3) is 
shown with electrograms recorded in the distal His bundle (H), proximal 
right bundle branch (PRB), distal right bundle branch (CRB) and anterior 
wall Purkinje fiber (PJ). Intervals are measured in milliseconds from the 
conduction system electrograms to the onset of ventricular activation 
(V) and are shown to the right of each recording. Before (Pre) surgical 
repair of tetralogy of Fallot, sequential electrograms were recorded 
along the length of the right bundle branch. After repair (post), right 
bundle branch block is present. A distal His potential was recorded but 
no other electrograms of the specialized conduction system could be 
recorded. Conduction was blocked at the level of the proximal right 
bundle branch. (Reproduced from Horowitz et al. 15). 


repair is right bundle branch block (reported incidence 
rate 59 to 100 percent.)'-? Right bundle branch block 
with left anterior hemiblock is also seen postoperatively 
(reported incidence rate 7 to 25 percent).?-? Permanent 
complete heart block currently occurs late postopera- 
tively in 1 percent of patients.4^8 

- Recently, attention has been directed tc the relatively 
large incidence of ventricular arrhythmias including 
premature veníricular complexes and ventricular 
tachycardia in patients after repair of tetralogy of Fal- 
lot.9-!! Moreover, the incidence of sudden death in such 
patients has varied from 2 to 3 percent.*?.!? It remains 
unclear whether sudden death results from a conduction 
disturbance such as the development of complete heart 
block or a tachyarrhythmia such as ventricular tachy- 
dia, or both. 
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: f right bundle branchblock 
t llot has | been discussed by... dua and 

































FIGURE 2. Specialized conduction system map in distal right | 
branch block (tetralogy of Fallot). Electrocardiographic lead IIl is shi 
with electrograms recorded from the distal His bundle (Hj, proximal ri 
bundle branch (PRB), two sites in the distal right bundle branch in tl 
septal base of the moderator band (DRB.) and at the mid portion of t 
moderator band (DRB;) and anterior wall Purkinje fiber (PJ). Intervals 
measured from. the conduction system electrogram to the onset of 
ventricular activation (V) are shown to the right. Sequential. recordin gs 
along the course of the right bundle branch were obtained before | repair 
of tetralogy of Fallot (pre). After sectioning of the moderator band (pos 
conduction system recordings were obtained from the proximal r 
bundle branch and the septal base of the moderator band. Electrogr 
recorded beyond this level showed no specialized conduction 
potential. The electrogram recorded at the mid portion of the m 
band is not shown after repair because the area from whic 
have been recorded had been resected. Thus, conduction we 
at ihe level of the moderator band. (Reproduced from. v. Fols 
al. '?). | 








several investigators. The position of | 

and its proximal branches in the thi 
nous septum and along the crest of in musc ila 
makes this conduction tissue particularly vulner 
damage during surgical repair of the ventricülà : se 
defect. Many investigators? 1? have attributed 
bundle branch block to thats of the prox al 

of the 






















FIC URE x 3. Specialized conduction system map in terminal right bundle 
branch block (tetralogy of Fallot). Electrocardiographic lead Ill is shown 
: ith  electrograms recorded at sites specified in Figures 1and 2. Se- 
quential electrograms were recorded along the length of the right bundle 
branch before (pre) and after (post) repair of tetralogy of Fallot despite 

presence of right bundle branch block after the repair. Thus, the 
conduction block occurred beyond the anterior wall Purkinje fibers at 
the base cf the right ventricle and in the right ventricular outflow tract. 

od iced from Horowitz et al.'5). 
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ventriculotomy was performed and concluded that this p i 
electrocardiographic pattern was due to disruption of... 
a distal branch or branches of the right bundle branch 
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: : J8IDng Opel 
techniques, Kiougrad p^ al 1 found that the right - 
bundle branch pattern occurred during incision of | 
specific sites of the right ventricular free wall as the 








Horowitz et al.,!? utilizing intraoperative epicardial a 
endocardial recording techniques in patients having © 
correction of a variety of congenital defects, found that ._ 
the right bundle branch block pattern may be explained _ 
by delay or block in the proximal right bundle branch, _ 
the more distal right bundle branch (in the moderator . P 
band) or peripheral right ventricular Purkinje fibers. 
Identifying the site of block: In 20 patients the 
pattern of right ventricular activation during right ue 
bundle branch block that followed transatrial or 
transventricular repair of tetralogy of Fallot and other — 
lesions was studied and the right ventricular specialized 
conduction system was mapped to identify the site of 
block in postoperative right bundle branch block. In 
eight patients, right bundle branch conduction was in- 
terrupted proximally in the area of the ventricular - 
septal defect (Fig. 1). In these patients right ventricular... 
activation was delayed at all sites. In five patients, right _ 
bundle branch conduction was interrupted in thearea 
of the moderator band (Fig. 2). In these patients, right 
ventricular activation was delayed at most sites; how- 
ever, the apical septal sites were activated normally. in 
the remaining seven patients, right bundle branch. 
conduction was interrupted in the area of the terminal . 
fascicular network (Fig. 3). In these patients, right c 
ventricular activation was delayed only in basal areas. i 





TERMINAL 
Right Bundle 
Branch Block 


ion delay i in the right ventricle during proximal, distal and terminal right bundle branch block. The heart i is viewed s 
ojection. The shaded area indicates the portion of the right ventricular epicardium in which activation is delayed. 
'anch block. When right bundle branch conduction was interrupted proximally, activation of all right ventricular sit 
ich ac vation was interrupted at the area of the moderator band, a segment of the right ventricular "apical ep 
de 1E fig ventricle was activated late: When pubs doi branct conduct ion wa 
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mining the site of right bundle branch block. We 
included from these studies that at least three distinct 
es of postoperative right bundle branch block exist 
can be identified by differences in right ventricular 
vation. These data suggest that a clinical method of 
ermining right ventricular activation utilizing 
ster electrodes can be used to distinguish different 
es of right bundle branch block that occur during 
correction of tetralogy of Fallot. 
intraoperative endocardial mapping: In our in- 
-stitution 20 patients have undergone complete elec- 
- "trophysiologic studies after repair of tetralogy of Fallot 
— by way of a right ventriculotomy or right atriotomy. All 
< patients had right bundle branch block. Catheter en- 
*.. docardial mapping of right ventricular activation was 
performed to identify the site of block in the right 
© ventricular conduction system. Activation of the right 
= ventricular apex within the first third of the QRS 
. complex was considered indicative of distal right bundle 
-branch block whereas later activation was considered 
to indicate proximal right bundle branch block. This 
— method is similar to that of Sung et al.,!6 who defined 
-. distal right bundle branch block when the interval be- 
tween the onset of the QRS complex and the activation 
^: of the right ventricular apex was less than 30 ms. In our 
> group, 16 patients had distal right bundle branch block 
and 4 had proximal right bundle branch block. Proximal 
right bundle branch block may be associated with 
proximal His-Purkinje damage at other sites and may 
: require closer follow-up. Endocardial catheter maps in 
- patients with distal and proximal right bundle branch 
-block are shown in Figure 5. 
^ Right bundle branch block with left anterior 
-= hemiblock: As with right bundle branch block, all cases 
-of right bundle branch block with left anterior hemi- 
- : block or bifascicular block do not have the same origin. 
Direct interruption of the main right bundle branch and 
the proximal portion of the anterior left bundle branch 
it the time of ventricular septal repair may result in 
-< postoperative right bundle branch block and left ante- 
- rior hemiblock. In contrast, the right bundle branch 
block may be distal and the left axis deviation secondary 
¿>to local damage to the left anterior division of the left 
A undle branch. 
. - Most cases of right bundle branch block with left 
- anterior hemiblock occur at the time of surgery and 
ersist. However, in some patients, left anterior hemi- 
lock may be transient, resolving in the early postop- 
ative period.!? Conversely, left anterior hemiblock 
may appear many years postoperatively. The clinical 
ignificance and prognosis of this abnormality are 
ontroversial. Early reports*!7^1* described an ominous 
rognosis, Wolff et al.* reporting the development of 
complete heart block in 41.7 percent, sudden death 















































tof patients with this. finding. Dien 6,19,20 re- 





: surface elüctrocardiügram was not useful: in| 


:5 percent and a total late mortality rate of 25 
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in the site ¢ of block. and i 'ostop 


results. ae. 

Complete heart block: Pein 
block occurs in 1 to 2 percent of j pa 
tetralogy of Fallot,?? although in 
reparative surgery the incidence rai 
percent.?^! Permanent complete hea 
immediately or may appear as late a: 
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FIGURE 5. Endocardial catheter mapping of right ventricular 

in patients with distal and proximal right bundle branch blc 
of tetralogy of Fallot. in both panels, electrocardiograph i 
V, are shown with electrograms recorded in the His bundle 
right ventricular apex (RVA), right ventricular mid septu 
ventricular anterior wali (RVAW) and right ventricular 
(RVOT) with 10 ms times lines. The dotted line indicate 
the QRS complex and the numbers indicate activation t 19 
dividual sites referenced to the onset of the ORS coi dn 
with distal right bundle branch block, activation of the rig! à 
apex occurs 26 ms after the onset of the QRS complex i in th ! 
third of the QRS complex. Activation of the right ventricular mi 
occurs nearly simultaneously. Activation of the right ve 
wail and right ventricular outflow tract occurs in the last 
complex and is delayed, occurring 82 and 92 mis, res j 
the onset of the QRS complex. The right panel is: 
proximal right bundle branch block. The right ventri 
vated 82 ms after the onset of the QRS complex, con 
first third of the deinen Right ventricular. mid. 
































ti Hist bundle acirogrein in a patient with h His-Purkinje damage 
'epair of tetralogy of Fallot. Electrocardiographic leads |, Il and 
n with electrograms recorded in the high right atrium (HRA), 
bundle area (HBE) and right ventricular apex (RVA) with 10 ms time 

Note that the H-V interval is 70 ms in this patient after correction 
‘tetralogy of Fallot: Although the P-R interval is normal (0. 16 second), 
gnificant H His Purkinje conduction disturbance is present. 


ively. 18 T either instance the prognosis has been 
2 and implantation of a permanent artificial 
1 naker i in patients with persistent heart block ap- 
ears to be prudent. The incidence rate of transient 
omplete heart block—that is, block of several hours’ 
y several weeks’ duration —has been reported to be as 





early postoperative period or prolongation of the P-R 





dE heit cia was bored: the block Was peri 
nent or persistent in 20 (16.3 percent) of 122 patients 
(2.7 percent of all patients). It has been suggested that 
the presence of transient complete heart block in the 















interval in addition to right bundle branch block and 
left anterior hemiblock may indicate trifascicular | 
damage. Such damage would predispose the patient to. . 
the late development of complete heart block and por- 244 
tend a poor prognosis,**!® but this hypothesis remains Fs 
controversial. vM 
Trifascicular cenduction disease: The diagnobi ; 
of trifascicular damage cannot be made with assurance — 
from the standard electrocardiogram.?*?5 Although the... 
electrocardiographic pattern of a prolonged P-R interval |. 
with right bundle branch block and left anterior hemi- . 
block has classically been associated with trifascicular ^ . 
damage, it may be caused by other conduction abnor- 
malities as well. Conversely, trifascicular damage may 
be present with a normal P-R interval or normal QRS 
axis. The only reliable method for detection of transient -~ 
or permanent trifascicular damage is the intracardiae ^ 
electrophysiologic study. One report!’ demonstrated — 
a prolonged H-V interval in 5 of 10 postoperative pa-- 
tients with right bundle branch block and left anterior 
hemiblock although all had a normal P-R interval at the _ 
time of study. Evaluation of intra-His conduction in our 
20 patients revealed that 3 (15 percent) had a prolonged. 
H-V interval indicating damage in the bundle of His or ` 
the three major conduction fascicles, or both (Fig. 6).- 2 
One other patient had complete block in theatrioven- . 
tricular (A-V) node. Demonstration of a prolonged H-V 














































semination. nt ventricular tachycardia (VT) 
d electrics! 5timulation in a patient after 
tetralogy of Flot. Electrograms recorded 
-V junction (AV. “ight ventricular apex (RVA), AVS 
tal (RVOT,) and |. oximal (RVOT;) right ven- 
outflow tract an. ne right ventricular anterior 
RVAW) with time - anes (T). Ventricular tachy- 
dia was present (left) with continuous electrical AVOT 

























ty recorded from the distal right ventricular d 
itflow tract. Two extrastimuli were introduced atthe @VOT | 
ght ventricular apex (broad arrows), and both ven- p 


icular tachycardia and continuous electrical activity 
were terminated. Normal sinus rhythm (NSR) was 
present (right). (Reproduced from Horowitz et 
^mi: £9). . 





5 T in the presence of right bundle branch block 
-with or without left anterior hemiblock indicates 
_ infra-Hisian and usually trifascicular conduction dis- 
= ease. This finding is significant in these patients because 
. most heart block in this group has been shown by elec- 
.. trophysiologic study to be infra-Hisian, producing slow 
D ventricular escape rhythms." 
|. Although many patients with permanent infra-Hisian 
- complete heart block have shown some evidence of tri- 
.. fascicular damage, this is not invariably present. It is 
. essential to identify these high risk patients by elec- 
-trophysiologic study performed to locate the site and 
- severity of the conduction disturbance.?8 


~~ Ventricular Arrhythmias 


.'. Incidence: Until recently sudden death after repair 
. of tetralogy of Fallot was attributed to A-V conduction 
_. disturbances. However, an incidence rate of sudden 
death varying from 30 to 38 percent has been noted in 
< patients with premature ventricular complexes ob- 
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"| GURE 9. Endocardial catheter mapping during ven- 
cular tachycardia in a patient with ventricular tachy- 
cardia after repair of tetralogy of Fallot. Electrocardio- 
graphic leads |, aVF and V, are shown with electrograms 
ecorded at the right ventricular inflow tract (RVIT), the 
listal (RVOTd) and proximal (RVOTp) right ventricular 
tflow tract, right ventricular apex (RVA) and left ven- 
'icular mid septum (VS) with 10 ms time lines (T). The 
otted line indicate the onset of the QRS complex and A Vor, 
he numbers indicate the activation times at sites. Con- 

inuous electrical activity was present in the distal outflow | 

act electrogram. The earliest discrete electrogram RV OT, 
)ccurred in the proximal right ventricular outflow tract 
tivation followed. at the right ventricular apex and 
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served in the resting, ambulatory, or: stress. 
diogram.!9:1L77 The incidence of prematü 
complexes in routine electrocardiograms aft 
tetralogy of Fallot ranges from 5 to 18 per 
and stress testing may also reveal frequent premal 
ventricular complexes or ventricular tachycardi 
significance of the arrhythmias and the mechai 
ventricular tachycardia in these patients is in a 
phase of study, and our understanding of this pr 
is rudimentary. 
Ventricular tachycardia: We?? have jepalie 
electrophysiologic characteristics of four patients w 
had recurrent sustained ventricular tachycardia a 
repair of tetralogy of Fallot. In each patient the tac 
cardia could be induced and terminated by progran 
electrical stimulation, suggesting that it was reen 
(Fig. 7 and 8). In each, the tachycardia originated i 
right ventricular outflow tract (Fig. 9). The electro 
recorded in the right ventricular outflow tract it 
patients were > prolonged (greater than 100: ms : 
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V ntricular outflow tract at the site 
ery. In two of these patients the 
itrolled after surgical intervention 
pt the reentrant pathways, and in 
d by pharmacologic therapy. All four 
with inducible ventricular tachycardia 
episodes of spontaneous ventricular 
o other patients studied had inducible 
hycardia. 
udden death: Some of the patients who have died 
ive had both ventricular arrhythmias and 
) disturbances.!9 The cause of the sudden 
us remains unclear. High risk factors include 
T ir damage, complete heart block and ven- 
: ilar arrhythmias. Prospective studies of patients 
ifter repair of tetralogy of Fallot should clarify the re- 
naining questions regarding conduction system dam- 
ige, ventricular arrhythmias and sudden death. 
| Other cardiac arrhythmias: A few other electro- 
yhysiologic studies and His bundle electrograms have 
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| em pace! Ar andi in whom ventricular i eda 
od ini the laboratory, the right ventricular outflow tract 
tively n narrow and who hac i contour d arrow). 








i trophysiologic 
~ normal sinus nodal function, 11,90 












uode À- V 
conduction!i3931 and abnormal His-Purkinje func 
tion.172025 Various supraventricular arrhythmias have 
also been noted, including sinus bradycardia, wandering — . 
atrial pacemaker, ectopic atrial rhythm, premature `” 
atrial or junctional complexes and supraventricular. 
tachyarrhythmias including atrial flutter and junctional 
rhythm.?? 


Transposition Of The Great Arteries 


Preoperative findings: The preoperative electro- | 
cardiogram in uncomplicated transposition ofthe great 
arteries typically shows right axis deviation and right eee 
ventricular hypertrophy.?? The electrocardiogram in. > 
transposition of the great arteries with a ventricular 
septal defect may reveal biatrial and biventricular hy- 
pertrophy. Preoperative rhythm and conduction dis- _ 
turbances have been said to be rare,!? although a recent- 
study utilizing 24 hour continuous electrocardiographic 
monitoring found many "abnormal" rhythms before 
operation in children with transposition of the great 
arteries, including marked sinus bradycardia, sinoatrial 
block, sinoatrial Wenckebach block, junctional escape 
rhythms and premature atrial depolarizations.?^* The . 
Mustard procedure for physiologic correction. of © 
transposition of the great arteries was introduced in 
1964.2? After the Mustard procedure, the right axis- 
deviation and right ventricular hypertrophy remain but. 
atrial activation is changed. Khoury et al.?9? observed an 
increase in the P wave duration, P wave notching and 
a decrease in P wave amplitude in 90 percent of... 
cases. ae 

Incidence of postoperative arrhythmias: Ar- uis 
rhythmias, especially supraventricular, are the most . . 
common electrocardiographic abnormalities noted after 
the Mustard operation. The reported total incidence 
rate of these postoperative arrhythmias has varied but - 
has generally approached 50 percent or greater de-. _ 
pending on the method used to identify the rhythm  . 
disturbances.7-43 Twenty-four hour electrocardio- |. 
graphic monitoring has revealed a much greater inci- 
dence of arrhythmias than that detected on seri: 
standard electrocardiograms even when the latter are 
frequently obtained. In one study** Holter monitoring 
revealed electrocardiographic abnormalities and 
rhythm disturbances in 100 percent of patients wher 
as the standard eleetrocardiogram had found abnor- 
malities in only 40 percent of the same patients. Another . 
study^? revealed that only 5 percent of patients con- 
sistently had sinus rhythm over a 1 to 3 year follow-up 
period. Progressively fewer patients continued to hav 
sinus rhythm over the years of follow-up study. 

The predominant arrhythmias after the Mustard 
Pm are ku code S Mire iren 
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A-V block have also been noted. Supraventricular ar- 
rhythmias have been reported in approximately 50 
percent of patients.*? A-V conduction abnormalities, 
especially complete heart block, have been less common, 
but their incidence rate has been reported as high as 25 
percent.*° The incidence rate of sudden death has been 
reported to be 2 to 8 percent.4447 

Etiology: The origin of the various arrhythmias and 

their prognosis remains unclear. Three hypotheses and 
combinations of these hypotheses have been proposed 
to explain the arrhythmias in this group: (1) intraop- 
erative damage to the sinus node or sinus nodal artery; 
(2) interruption of the internodal pathways; (3) intra- 
operative damage to the A-V nodal conduction tissue. 

Sinus nodal damage: Many studies have substan- 
tiated the presence of sinus nodal damage from the 
Mustard procedure.38:39,41,42,44,48-53 The sinus node or 
its artery can be damaged either at the time of cannu- 
lation of the superior vena cava, by the atriotomy or 
during placement of the suture line for the interatrial 
baffle around the superior vena cava. El-Said et al.4 
observed hemorrhage, inflammation and intimal scle- 
rosis in the sinus nodal artery in five patients with ar- 
rhythmias who died after the Mustard procedure. Ed- 
wards and Edwards?! also found evidence of necrosis, 
compression or hemorrhage in the sinus node, paranodal 
tissues and sinus nodal artery in similar patients. 
Electrophysiologic studies4959 in postoperative patients 
with transposition of the great arteries have revealed 
prolonged sinus nodal or pacemaker recovery time and 
normal intraatrial conduction time. Gillette et al.5° 
found evidence of sinus nodal dysfunction in 53 percent 
of patients studied; however, few patients were found 
to have abnormal intraatrial conduction. The mecha- 
nism of supraventricular tachycardia was determined 
in eight of these patients and found to be sinus nodal 
reentry in four and intraatrial reentry in four. Thus, the 
authors concluded that sinus nodal damage was the 
most common cause of arrhythmias after the Mustard 
procedure. 

Accordingly, many modifications of the Mustard 
procedure have been made to protect the sinus 
node. *15559 These have included avoidance of the su- 
perior vena cava-right atrial junction at the time of the 
cannulation, modification of the atriotomy incision to 
avoid the sinus node and its artery, and modification of 
suturing of the baffle into the superior vena caval area. 
Some of these studies reported a decreased incidence 
of arrhythmias, but few have used 24 hour monitoring 
or electrophysiologic studies to evaluate their pa- 
tients. 

Interruption of internodal pathways: Isaacson et 
al.9? examined the hearts of 49 children with postoper- 
ative arrhythmias and suggested that extensive damage 
to the intraatrial conduction tracts between the sinus 
and A-V nodes was responsible for the postoperative 
arrhythmias. Wittig et al.9! performed intraoperative 
mapping of the atrial epicardium and endocardium 
during various stages of the Mustard procedure. Al- 
though they found no discrete intraatrial conduction 
tracts, they observed broad wavefronts of excitation 
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that suggested the presence of muscle bundles within - r 
the atria capable of conducting an impulse two to three - T 
times more rapidly than other atrial tissues. Wittig et |. 

al. concluded that delay or block in these anterior and _ 
posterior inputs into the A-V node was sufficient to: d 
compromise activation of the A-V node and produce 3 
junctional rhythm. Saalouke et al.44 found evidence of _ 
abnormal atrial refractory periods in their patients and — 
concluded that interrupted atrial pathways in addition - : 
to a damaged sinus node are involved in postoperative - 

arrhythmias. Thus surgical modifications of the Mus- | 
tard procedure have been proposed to preserve the 
anterior internodal pathways.9263 Others®465 have 
abandoned the Mustard procedure in favor of the 
Senning procedure. They report a lesser incidence of Er 
arrhythmias, but few electrophysiologic data are 3 










available. | 

A-V nodal damage: Injury to the A-V node has also d 
been reported.11.4245-476667 The incidence of complete 
heart block was reported to be 18 percent! and that of 
second and third degree A-V block to be 20 percent. 
The A-V node and His-Purkinje tissues are particularly 
vulnerable in patients also having ventricular septal ae 
defect closure in addition to the Mustard procedure. | 
Various modifications of the Mustard procedure with | 
respect to handling of the coronary sinus have been — 
proposed to limit damage to the A-V node. ; 

Electrophysiologic studies: We6? have reported on. 
24 patients with transposition of the great arteries who s 
had electrophysiologic studies after the Mustard pro- — 
cedure. Catheter endocardial mapping of the atria was _ 
used to determine the atrial rhythm and the pattern of E 
intraatrial conduction present postoperatively. Two i : 
patients had junctional rhythm: One had no sponta- 
neous atrial electrical activity and the other had sinus 
exit block. Six patients had an ectopic atrial rhythm 4 
with earliest activation in the left atrium. Sixteen pa- 
tients were found to have in sinus rhythm with earliest _ 
activation in the high right atrium. Of these 16 patients, 
10 had marked intraatrial conduction disturbancesin- 
dicated by very late activation of the low medial right 
atrium or A-V junction (Fig. 11). 

All patients underwent testing of sinus nodal func- 
tion including recovery time, sinoatrial conduction — 
times and identification of sinus nodal activity by — 
mapping techniques. On the basis of these variables, = 
only 4 of the 24 patients had evidence of totally normal __ 
sinus nodal function. A typical study in a patient with _ 
sick sinus syndrome and a very prolonged recovery time _ 
is Shown in Figure 12. 

Evaluation of atrial refractoriness revealed an ab- 
normal response with prolongation of atrial refractori- 
ness at more rapid pacing rates in 9 of 17 patients. Such 
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abnormal responses may play a role in arrhythmogen- 
esis. 

Eight of 23 patients tested had sustained intraatrial 
reentry with premature atrial stimuli (Fig. 13). All of. — 
the patients with inducible intraatrial reentry had either — 


abnormal atrial refractoriness or intraatrial conduction 
delay, or both. No patient in this series had sinus nodal 
reentrant supraventricular tachycardia. 
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FIGURE 11. Atrial activation sequence after repair of 
transposition of great arteries. Electrocardiographic leads 
|, aVF and V , are shown with electrograms recorded in the 
high right atrium (HRA), mid right atrium (MRA), low lateral 
right atrium (LLRA), low medial right atrium (LMRA), left atrial 
appendage (LAA) and adjacent to the mitral valve (MV) with 
10 ms time lines. The dotted lines identify the onset of atrial 
activation indicated by the surface P wave. Earliest atrial 
activation occurs in the high right atrium in the area of the 
sinus node. This area was activated 50 ms after the onset 
of the P wave. The mid right atrium was also activated early 
after the onset of the P wave. The low lateral atrium was 
activated 43 ms after the onset of the P wave. However, 
activation of the low medial right atrium occurred 86 ms after 
the start of the P wave and actually began after left atrial 
activation as seen in the left atrial appendage and the vicinity 
of the mitral valve. This delay of activation in the low medial 
right atrium indicates marked intraatrial conduction distur- 
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Junctional escape rhythms occurred either tran- 
siently or as a permanent rhythm in all patients with 
intraatrial conduction delay or A-V nodal heart block 
or both. None of the 24 patients studied had completely 
normal electrophysiologic findings. The abnormalities 
included sinus nodal dysfunction, abnormal atrial re- 
fractoriness and conduction and abnormal A-V junc- 
tional conduction. 


Atrial Septal Defect 


Preoperative findings: Preoperatively, the elec- 
trocardiogram in secundum atrial septal defect shows 
right axis deviation, right ventricular hypertrophy with 
an rSr’ pattern in the right precordial leads, occasional 
right or left atrial abnormalities and occasional pro- 
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longation of the P-R interval.®? Preoperative arrhyth- 
mias are uncommon in children with a secundum atrial 
defect. In contrast, children with a sinus venosus atrial 
septal defect may have abnormal preoperative rhythms 
including low atrial (coronary sinus) or junctional 
rhythms.”° Older patients with a secundum atrial septal 
defect commonly experience atrial flutter or fibrillation. 
The increased incidence of these preoperative ar- 
rhythmias has been related to the increasing age of the 
patient, shunt size and the degree of pulmonary hy- 
pertension.?!-7* 

A study?? utilizing intracardiac electrograms to 
evaluate conduction intervals in patients with atrial 
septal defect not treated surgically found a significant 
slowing of intranodal conduction as determined by the 


FIGURE 12. Marked prolongation of sinus nodal recovery time after repair of transposition of the great arteries. Electrocardiographic leads |, aVF 
and V4 are shown with electrograms recorded in the high right atrium (HRA) and the right ventricular apex (RVA) with 100 ms time lines. The time 
marks above are at 1 second intervals. At left, atrial pacing at a cycle length of 400 ms (stimulus artifact, solid arrow) is abruptly terminated after 
the third stimulus. A pause of 7.4 seconds occurs before resumption of atrial activity (open arrow). A junctional beat is noted 5.5 seconds after 
cessation of atrial pacing. This response indicates markedly suppressed sinus node automaticity. 
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-FIGURE 13. Initiaticn of sustained intraatrial reentry after repair of transposition of the great arteries. Electrocardiographic leads |, aVF and V, 
are shown with electrograms recorded in the high rightatrium (HRA), left atrium (LA) and His bundle area (HBE), with 10 ms time lines (T). With atrial. 
pacing (arrow, stimulus artifact) a single atrial premature depolarization was introduced after the third atrial complex, and sustained intraatrial reentry 
was induced. The atrial deflections are indicated by the A and the His bundle deflections by the H. ZO 


interval between the onset of the P wave and activation 
of the low right atrium. A-V nodal (A-H) and His-Pur- 
kinje (H-V) conduction were normal. 

-Immediate postoperative period: Surgical closure 
of the secundum atrial septal defect usually results in 
a leftward shift of the frontal plane QRS axis and a de- 

crease in the amplitude of the r’ wave in right precordial 
leads. The right ventricular conduction delay typically 
persists.” Arrhythmias including junctional rhythms, 
A-V dissociation and ectopic atrial rhythms are common 
in children in the immediate postoperative period with 
a reported incidence rate of 30 to 75 percent/477-80 but 
are generally self-limited.75518? Supraventricular 
tachycardia, particularly atrial flutter, is rare in children 
but relatively common in adults. A-V conduction de- 
fects in the form of heart. block are uncommon. 

Chronic arrhythmias in children: The incidence 
rate of persistent or chronic arrhythmias is much lower, 
ranging from 2 to 9 percent in children.72:77,78,83 These 
late arrhythmias are predominantly junctional escape 
rhythms, sick sinus syndrome, A-V conduction distur- 
bances and atrial flutter/fibrillation. Many of them are 
transient or paroxysmal. In one study,?? half of the pa- 
tients with a slow junctional rhythm experienced re- 
version to normal sinus rhythm, some as late as 9 years 
postoperatively. Arrhythmias are more common after 
repair of sinus venous atrial septal defects. The post- 
operative incidence rate of sinus nodal dysfunction has 
been reported to be as high as 50 percent.9^ Another 
study? revealed only a 9 percent incidence rate of new 
persistent arrhythmias in patients after repair of sinus 
venosus atrial septal defect. 

Chronic arrhythmias in adults: In adults, a greater 
incidence of late postoperative arrhythmias has been 
reported after repair of both secundum and sinus ven- 
osus atrial septal defects.9556 Tachyarrhythmias such 
as atrial flutter and atrial fibrillation are particularly 





hmuias that persist after surgical treatment for atrial 


mmon. Likewise, when these arrhythmias are present —— 
peratively, they are likely to persist. Most ar- — the tricuspi | tomy."* 7^ Just a: 
n  insurgery for tetralogy of Fallot, right bundle brane 


septal defect are noted from the early postoperative 
period, although arrhythmias have been reported to 
appear months to years postoperatively. 9? ^. ^ x 
A-V conduction abnormalities producing second or 
third degree heart block are rare but have been reported 
with an immediate postoperative incidence rate of 8 
percent.’ The late incidence rate is 4 to 6 percent.7- 8e 
Many of these conduction disturbances are transient, __ 
but pacemaker implantation is occasionally re- D 
quired." Late development of complete heart block . 
has also been reported.*? IE 


























Ventricular Septal Defect 


Preoperative findings: The preoperative electro- 
cardiographic findings in ventricular septal defect are 
dependent on the pressure, flow and resistance relations 
within the heart and great arteries. Left ventricular 
hypertrophy or biventricular hypertrophy is generally 
present. Left atrial enlargement may also be present. 
The mean frontal QRS axis is usually between 60? and 
150° with a clockwise frontal plane loop. A counter- 
clockwise frontal plane loop with a superior leftward 
QRS axis may be observed especially in patients with 
a ventricular septal defect of the atrioventricular canal 
type. The postoperative electrocardiographic alterations. 
are somewhat dependent on whether the correctio: 
performed from the atrium or through the ven 
Regardless of the approach, the electrocardiograp 
evidence of atrial and ventricular hypertrophy general 
regresses after closure of the defect. i 

Postoperative right bundle branch block: Post- 
operative arrhythmias observed after closure of a ven 
tricular septal defect are similar to those that oca 
correction of tetralogy of Fallot. Right bund] 
block is the most common abnormality with 
dence rate ranging from 44 to 100 percent.^ 
bundle branch block occurs less frequently : 
o 44 percent) after repair performe 
cuspid valve by way of an atriotomy.59-9 












































ch.1394. After Venit culotómv. the 
ular septal defect is associated with 
ch block, which has an incidence rate 
00 percent. 13,89 The right bundle branch block 
i8 produced by: either a proximal lesion in the right 
idie branch or by a distal lesion—injury to the pe- 
riphe l Purkinje: ibers as described in patients having 
repair of tetralogy of Fallot.!5 Right bundle branch 
block . may. occur immediately or late postopera- 
tively. een 
: "Bifascicular. and trifascicular block: As in pa- 
; tients with: tetralogy of Fallot, closure of a ventricular 
-septal defect carries a risk of producing bifascicular and 
trifaseicular damage and complete heart block.!?:2124 
-Five to 17 percent of patients undergoing such closure 
“manifest a right bundle branch block pattern associated 
-with left axis deviation.?9?? Some of these patients may 
_be at risk for subsequent development of complete heart 
block? Complete heart block was not uncommon (in- 
 cidence rate 16 percent) in early surgical series.?? 
: Knowledge of the anatomy of the conduction system 
and improvement in surgical technique have decreased 
this rate to less than 1 percent.*:*4 
Postoperative arrhythmias: Patients undergoing 
closure of a ventricular septal defect are also subject to 
other arrhythmias. Patients having closure by way of 
- ventriculotomy have occasionally been noted to have 
: premature ventricular complexes and, rarely, ventric- 
-ular tachycardia. Other arrhythmias reported include 
„atrial flutter and atrial fibrillation, paroxysmal supra- 
ventricular tachycardia and junctional tachycardia.757? 
"The prognostic implications of these arrhythmias and 
-conduction defects are no clearer in patients having 
surgery for ventricular septal defect than in patients 
‘after r repair öf tetralogy of Fallot. 








. Atrioventricular Canal Defects 


| Prendi sative conduction abnormalities: Patients 
Wh A V canal defects including complete common A-V 
; canal and ostium primum atrial septal defect have 
characteristic electrocardiographic findings. These in- 
leftward or superior mean QRS frontal plane 
1a. counterclockwise frontal plane QRS loop. 
-` The axis is generally more leftward in complete canal 
` defect with 70 percent of patients having an axis be- 
tween “91° g nd 151° whereas 70 percent of those with 
X um atria mould defect. have a an axis between 0° 


























ie ec E real 


stuption : and inflamma- : diograrihie. patterns. . Others, i: Town wash that the y 


electrocardiogram reflects destructive lesions in the' - 
anterior portion cf the left bundle and delayed activa- 
tion of the anterolateral part of the left ventricle. Salazar . 
and Lej!® implicated both early activation of the pos- _ 
terior left ventricular wall and partial impairment of the. 
anterior portion of the left bundle in the production of 
this electrocardiographic pattern. These axis abnor- 
malities do not change significantly after surgery. 

In addition to the abnormal QRS axis, other pre- 
operative electrocardiographic patterns include an 
rsR’ pattern in the right precordial leads, right ven- 
tricular hypertrophy and biventricular hypertrophy. A 
prolonged P-R interval has been noted in 40 to 52 per- 
cent. 104105 The preoperative P-R interval prolongation. 
is typically due to a delay in intraatrial activation rather 
than in A-V nodal conduction.!%105 His-Purkinje . 
conduction intervals have been found to be normal or 
short preoperatively.!05.107,108 

Postoperative conduction defects: T'he postoper- 
ative electrophysiologic abnormalities of greatest con- 
cern are the conduction defects. In an early study 
(1963)83 by the American College of Chest Physicians, 
conduction defects developed in 16 percent of patients. 
The development of right bundle branch block is com- 
mon for the reasons mentioned in the preceding sections 
on tetralogy of Fallot and ventricular septal defect. The . 
abnormalities of the conduction tissue in A-V canal | 
defects may make these patients even more likely to 
have lesions in these areas. The A-V node is displaced 
posteriorly in relation to the ostium of the coronary 
sinus. The common bundle is posteriorly displaced and 
runs in a course very close to the posteroinferior rim of 
the ventricular septal defect, the left bundle fibers 
originate early, the distal left bundle branch fascicles 
are displayed to the posterior aspect of the ventricular 
septum and the anteriorly directed left bundle fascicles 
are hypoplastic.!?! Thus A-V nodal and His-Purkinje 
conduction delays have commonly been found postop- 
eratively.!?9? The surface electrocardiogram with its 
preoperative appearance of P-R interval prolongation, 
right ventricular conduction delay and left axis devia- 
tion gives little additional assistance in identifying pa- 
tients with trifascicular damage but, significantly, the - 
pre- and postoperative electrophysiologic abnormalities - : 
may be additive. » 

A relatively high incidence rate of alere diari. 
block has been reported (29 to 33 percent). !° Complete _ 
heart block may be transient or permanent. Patients 
with permanent complete heart block who do not re- 
ceive a pacemaker are at high risk for sudden death. The | 
incidence of complete heart block has decreased i in re- z 
cent years, especially with the. utilization of mapping 
techniques. in the. _operat E 



















cluding junctional tachycardia and atrial fibrillation 
. have been described postoperatively, but are uncom- 
. mon.79525710 Four percent of survivors in a Mayo 
< Clinic study?" had significant late postoperative ar- 
~-rhythmias including atrial flutter, supraventricular 
tachycardia and premature ventricular complexes. 
'se arrhythmias are less common than in secundum 
rial septal defect. 













Corrected Transposition of the Great Arteries 


Conduction disturbances: Corrected transposition 
of the great arteries is associated with A-V conduction 
disturbances ranging from first degree to complete heart 
block in 30 to 60 percent of patients.!11,112 These con- 
duction disturbances may be present at birth, may de- 
velop insidiously or may occur during the surgical cor- 
rection of associated defects.115.114 Thus there has been 
some reluctance to subject such patients to surgery that 
carries a high risk of complete heart block. However, 
several studies!15-115 using histopathologic techniques 
and others using activation mapping and conduction 
system during open heart surgery have identified the 
anatomic course of the conduction system. Anderson 

~ et al.!!8 found an accessory atrioventricular node located 

at the junction of the right atrial appendage and the 
anterior interatrial septum. The normally placed A-V 
node was hypoplastic and did not connect to the A-V 
bundle. The anterior node connected with the A-V 
bundle, which entered the morphologic left ventricle 
adjacent to the right anterior aspect of the pulmonary 
valve anulus. The bundle crossed the pulmonary out- 
flow tract to descend along the anterior rim of the ven- 
tricular septal defect or along the right margin of the 
foramen between the main and outflow chambers in 
single ventricle with an outflow chamber. The bundle 
branches have been noted to be inverted. 

Gillette et al.!!9 evaluated intracardiac conduction 
intervals using His bundle recordings in 40 patients with 

_levotransposition of the great arteries and ventricular 
inversion. Eleven patients had complete A-V block with 
the site of the block being above the His bundle in four, 
- below in two and within the His bundle in one patient. 
` They concluded that conduction abnormalities were 
-found from the A-V node through the His-Purkinje 








IA Single Ventricle 

- Anderson et al.!1? emphasized the variability of the 
iduction tissue in single ventricle. The type of single 
itricle with an outlet chamber generally has the type 
conduction system just described in the section on 
d transposition. However, in those hearts 
an outlet chamber, the conduction tissue may 
ally or posteriorly.!?? Several intraoperative 


rrhythmias: Supraventricular tachycardia in- 


tricular inversion or single ventricle are. 





Operating Room Mapping 
In the 1950s several investigator 
technique for recording electrogr 
cialized A-V conduction system 
Kaiser et al.1?! modified the techn 
delineate the A-V conduction system 
open heart surgery. Krongrad, 
workers!#2-154 further refined the te 
its use in children undergoing 
congenital heart defects. One o 
cardiograms are recorded. An a 
corded from an electrode positioned 
This electrode may also be utilized 
tripolar electrode probe is used to re 
from selected sites along the expected course 
conduction system. An anatomic grid el 
erence and the electrode probe is moved from 
Just anterior to the coronary sinus ostium toward tk 
membranous septum exploring the region of the A 
junction for evidence of a His bundle electrogram. 1 
similar manner, the distal His bundle and right bund 
branch can be identified. The A-V node is assumed to 
lie just proximal to the area producing the earliest His 
bundle deflection. This technique provides the surgeon 
with the precise location of A-V conduction tissue to 
avoid, and thus the development of complete heart 
block may be prevented. onm 
The utilization of these techniques has identified th 
variable location of the conduction tissue in differer 
congenital heart defects, particularly. endocardi l 
cushion defect, single ventricle, and lesions associated 
with ventricular inversion. r 
Heart Block and Pacemaker Therapy — 


Ineidence: As already discussed, complete heart. 
block has been one of the most serious complications o 
cardiac surgery. Postoperative complete heart blocl : 
may be transient or permanent.?! The current incidence 
of complete heart block has been reduced to 1 to 2 per- 
cent!?? as a result of improved knowledge of the ana 
omy of the conduction system, mapping techniques ani 
improved surgical techniques. Complete heart t 
occurs most commonly during surgical correctior 
ventricular septal defect, tetralogy of Fallot, A-V ca 
defect and valve replacement requiring manipula 
in the area of the conduction tissue. Patient 



































































ceptible to the development of compl 
Most instances of complete heart blo 




























| with pen aneil ed Rd blóck receive an 
cial pacemaker. The combined early and late 
ty rate of untreated complete heart block in the 
operative patient has been reported to be as high 
0 to 80 percent.199.137.135 Patients who experience 
kes-Adams attacks have a high rate of sudden death 
in fact, the first attack may be fatal.!'9? Although 
nerous complications of pacemakers occur in chil- 
en, patient survival rates are quite good. 25-14! 

n electrophysiologic study has been suggested as 
means to determine the need for permanent pac- 
g. 4? Pacemaker placement has been recommended 
in patients with persistent second or third degree A-V 
block located within or below the His bundle whether 
or not they are symptomatic, and in patients with block 
above the His bundle who are symptomatic. The con- 
sensus is to place a permanent pacemaker in all patients 
who have complete heart block that persists 3 to 4 weeks 
postoperatively. In the interim, transvenous or trans- 
thoracic temporary pacing should be utilized. If sinus 
rhythm has not returned after that period, a permanent 
pacemaker is implanted. The presence of congestive 
heart failure, Stokes-Adams attacks or arrhythmias 
constitutes a further indication for pacing. Pacemakers 
are sometimes used in the treatment of sick sinus syn- 
drome. 

- Complications of pacemaker therapy: The reluc- 
tance to provide children with permanent pacing stems 
from complications associated with the use of pace- 
makers in this age group. These complications include 
problems unique to the size, growth and development 
of children, detachment of electrodes from the heart, 
fracturing of electrode wires, or implantation problems 
related to the relatively large size of the generator. 143144 
Other pacemaker malfunctions include random elec- 
'onic component failure, inadequate sensing and in- 
ction. Power generator failures are more frequent in 
ren because of the higher pacing rates and, on oc- 
n, higher thresholds required for pacing. 138,139,141 
iave seen several patients who required specialized 
output units because of extremely high thresholds, 
umably related to scarring at the electrode- -myo- 
erface. The average life of a generator in 
is been 1 to 2 years, 109.138-140,145,146 
emakers are available for use in children. 
ovements in electrode wires, smaller pulse 
h increased longevity and programmable 















































e of epicardial rather than transvenous 
acement to prevent displacement of the 
the e heart as the child grows. Pulse gen- 

j ‘in the subcutaneous tissue of 
he retroperitoneal space, the 

r toneal space. 147-149 





] eatly decrease the morbidity associated. 


| patient who has experienced a cardiac arrest; such i 
pacing in children. Most workers rec- 





iti is appar ; t from the foregoing discussion that 2 
many patients have significant problems with conduc- . 
tion defects and arrhythmias after cardiac surgery. 
Appropriate follow-up, diagnosis and treatment should 
minimize the effects of these abnormalities. a 

Follow-up protocol: The follow-up of the patient ¢ 
will be determined by his or her clinical status. Most 
patients are seen 1 month postoperatively, at which time 
an electrocardiogram should be obtained. Subsequent 
follow-up and electrophysiologic diagnostic testing 
depends on the specific cardiac lesion. 

In patients whose lesion is associated with a signif- 
icant incidence of cardiac arrhythmias or sudden death 
such as tetralogy of Fallot and transposition of the 
great arteries (dextro- or levo) we suggest the following 
routine. Electrocardiograms or rhythm strips should 
be recorded on each clinical postoperative visit. The 
patient should have exercise stress testing and 24 hour 
ambulatory electrocardiographic monitoring within the 
first postoperative year. We routinely perform an 
electrophysiologic catheterization study in these two 
groups of patients in conjunction with a 1 year post- 
operative hemodynamic catheterization in an attempt 
to identify high risk patients. Certainly, the electro- 
physiologic study should be performed in any patient 
with transposition of the great arteries who has evidence 
of sinus nodal dysfunction or supraventricular ar- 
rhythmias. Patients with tetralogy of Fallot who have 
electrocardiographic evidence of conduction distur- 
bances suggesting bifascicular or trifascicular damage 
or who had transient complete heart block or any evi- 
dence of ventricular arrhythmias should be studied. Our 
reason for studying these patients is the potential for 
uncovering latent life-threatening arrhythmias. All 
patients, regardless of findings, should continue to have 
close clinical follow-up with periodic noninvasive 
screening. 

Noninvasive and invasive testing for arrhyth- | 
mias: Any postoperative patient who complains of _. 
palpitation, skipped beats, dizziness or syncope should 
undergo further testing to identify potential cardiac . 
arrhythmias. Transtelephonic monitoring or 24 hour — 
continuous ambulatory monitoring is most helpful in 
detecting transient or episodic events. Exercise stress _ 
testing may uncover significant arrhythmias, particu- - 
larly if the symptoms are precipitated by the patient's - 
activity. The electrophysiologic study is generally re- 
served for patients who have some type of arrhythmia 
identified by noninvasive testing. One exception is t 














patient should undergo study even if no abnormal 
rhythms are identified by noninvasive testing. —. x 

Antiarrhythmic therapy: Antiarrhythmic therapy - 
is indicated in the postoperative patient for any | 
tachyarrhythmia that compromises cardiac function or | 


that has a significant potential for such comp mise. : 
Patients s with atrial fhitter x or ' interatria ee: | 


















xin to slow both the flutter r ae an 
esponse. If digoxin is not effective | 


de in an attempt to convert the arrythmia to 
rythm if digoxin is not effective. Most of these 
arrhythmias can also be converted by pro- 
med atrial stimulation or by cardioversion. 
ricular tachycardia has been effectively treated 
drugs such as phenytoin, propranolol, procain- 
de and quinidine. In patients with inducible ven- 
ar tachycardia, the electrophysiologic study may 
sed to determine the efficacy of specific oral drug 
egimens. With a life- threatening paroxysmal ar- 
. rhythmia, this type of testing is especially desirable. 

_ We do not routinely treat all postoperative patients 
with asymptomatic isolated premature ventricular 
- complexes. We perform an electrophysiologic study in 
-these patients and only treat those with inducible ven- 
tricular tachycardia, symptoms or poor cardiac hemo- 

dynamic function. 

<- Pacemaker therapy: Patients with sick sinus syn- 
| drome and clinical symptoms from either symptomatic 
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9 (Each effervescent tablet in solution supplies 25 mEq potassium and 
ie as e by potassium bicarbonate and L-lysine monohydrochloride.) 
Description: K-Lyte/CI 50 and K- Lyte/CI are oral potassium and chloride supple- 
-ments. Each K-Lyte/CI 50 mEq table: in solution provides 50 mEq of potassium and 
om as supplied by 2.24 gm of potassium chloride, 2.0 gm of potassium bicar- 
nate, and 3.65 gm of L-lysine monohydrochloride with 1.0 gm of citric acid, 
saccharin, natural and artificial flavor and artificial color. Each K-Lyte/CI tablet in 
“solution provides. 25 mEq of potassium and chloride as supplied by 1.5 gm of patas- 
sium chloride, 0.5 gm of potassium bicarbonate and 0.91 gm of L-lysine monohy- 
‘drochloride with 0.55 gp of citric acid, saccharin, natural and artificial flavor and 
artificial color. 
Indications and Usage: A! K-Lyt®” products are used for therapy or prophylaxis 
-of potassium deficiency. They are useful when thiazide diuretics, corticosteroids, or 
diarrhea cause excessive potassium loss: and when dietary potassium is low. These 
‘products may also be useful when potassium therapy is indicated in digitalis intoxi- 
«cation. K-Lyte/C! 50 and K-Lyte/C! are recommended in the management of hypo- 
kalemia accompanied by metabolic alkalosis and hypochloremia, e.g., as induced by 


p 4 

tralhilications: Potassium supplements are contraindicated in patients with 
Freire since a further increase in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the follow- 
ing conditions; chronic renal impairment, metabolic acidosis such as diabetic 
"acidosis, acute dehydration, extensive issue breakdown as in severe burns or adre- 
‘fal insufficiency. Hypokalemia should not be treated by the concomitant administra 
tion of potassium Salts and a potassium-sparing diuretic (e.g., Spironolactone or 
triamterene), since the simultaneous administration of these agents can produce 
severe hyperkalemia. 
Warnings: In patients with impaired mechanisms for excreting potassium, the 
administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but 
«may also occur in patients given potassium orally. Potentially fatal hyperkalemia can 
"develop rapidly and may be asymptomatic. The use of potassium salts in patients 
with chronic rena! disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concentration 
and appropriate dosage adjustment 
Precautions: Genera! precautions — The diagnosis of potassium depletion is ordi- 


‘narily made by demonstrating hypokalemia in a patient with a clinical history suggest- 


‘ing some cause for potassium depletion. When interpreting the serum potassium 
level, the physician should bear in mind that acute alkalosis per se can produce 
hypokalemia i in the absence of a deficit in total potassium, while acute acidosis 
per se can increase the serum potassium concentration into the normal range even 
in the presence of a reduced total body potassium. Therefore, the treatment of potas- 
‘sium depletion requires careful attention to acid-base balance and appropriate 
‘monitoring of serum electrolytes, the ECG, and the clinical status of the patient. 
Information for patients — To minimize the possibility of gastrointestinal irritation 
associated with the oral ingestion of concentrated potassium salt preparations, 
patients should be carefully directed to dissolve each dose completely in the stated 
amount of water 
Laboratory tests — Frequent clinical evaluation of the patient should include ECG and 
‘serum potassium determinations. 
Drug interactions — The simultaneous administration of potassium supplements and 
a potassium-sparing diuretic can produce severe hyperkalemia (see Contraindica- 
tions). Potassium supplements should be used cautiously in patients who are using 
Salt substitutes because most of the latter contain substantial amounts of potassium. 
‘Such concomitant use could result in hyperkalemia. 
Usage in pregnancy — Pregnancy Category C — Animal reproduction studies have 
ot been conducted with any of the K-Lyte products. It is also not known whether 
‘these products can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity They should be given to a pregnant woman only If 
Clearly needed. 
Nursing mothers — Many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from oral potassium 
Supplements, à decision should be made whether to discontinue nursing or discon- 
tinue the drug, taking into account the importance of the drug to the mother. 
Usage in children — Safety and effectiveness in children have not been established. 
Adverse Reactions: The most common adverse reactions to oral potassium supple- 
ments are nausea, vomiting, diarrhea and abdominal discomfort. These side effects 
occur most frequently when the medication is not taken with food or is not diluted 
fend or dissolved completely. 

lyperkalemia occurs only rarely in patients with normal renal function receiving potas- 
sium supplements orally. Signs and symptoms of hyperkalemia are cardiac arrhyth- 
mias, mental confusion, unexplained anxiety, numbness or tingling in hands. feet or 
lips, shortness of breath or difficult breathing, unusual tiredness or weakness and 
weakness or heaviness of legs (see Contraindications, Warnings and Overdosage). 
Dosage and Administration: Adu/ts— One (1) K-Lyte/CI 50 tablet (50 mEq 
potassium and chloride) completely dissolved in 6 to 8 ounces of cold or ice water, 
1102 times daily, depending on the requirements of the patient. One (1) K-Lyte/CI 
tablet (25 mEq potassium and chloride) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending on the requirements of the patient. 
Note: It is suggested that all K-Lyte products be taken with meals and 
sipped slowly over a 5 to 10 minute period. 
How Supplied: K-Lyte/CI^ Effervescent Tablets (citrus or fruit punch flavors) are 
available in cartons of 30, 100 and 250. K-Lyte®/C! 50 Effervescent Tablets (citrus or 
fruit punch flavors) are available in cartons of 30 and 100. Each tablet is individually 
foil wrapped. 
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If it's not 
MODERN DRUG 
ENCYCLOPEDIA, 
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MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Executive Editor 
Gertrude Dittus Gonzales, R.Ph., B.S. Pharm., Executive Editor 
Charles L. Winek, Ph.D.. Contributing Fditor 


The all new 16th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 


An independent team of pharmacists and physicians has researched and edited 
all the facts on 3,000 prescription drugs. It passes this research on to you in an 
easy to absorb style that’s perfectly suited to the tight schedule of a time pressed 
practitioner. 


Some handbooks just reprint manufacturers' package inserts. They don't edit. 
Just print material manufacturer pays to have included. 


Here's what careful planning does for 
MODERN DRUG ENCYCLOPEDIA: 
e limits entries to prescription drugs. You don't waste time flipping 


through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals. biologicals, and allergens in one 
a-z sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a "strong focus" lavout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs alphabeti- 
cally by generic name. Each entry covers vital facts about brand 
names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found 
in the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows vou a wide selection of therapy based on your pa- 
tient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when vou only know the 
manufacturer's name. 


Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it onlv if you're convinced that it answers a practi- 
tioner's need for concise, easy to read information on prescription 
drugs. 


Yorke Medical Books 


| Box C-757, Brooklyn, New York 11205 AJCI2 
| Please send me a copy of the all-new 16th Edition of MODERN 
DRUG ENCYCLOPEDIA. If this new edition is the best drug infor- 
| mation reference for practitioners available, | will remit $49.00 
plus shipping. Otherwise, | will return it within 30 days and 
| owe nothing. 
O lam enclosing $49.00 now as full payment. 
| Publisher pays shipping. Same return guarantee 
O Charge my credit card: O MasterCard O Visa. 
| Caro No. be Ee} EXDife date 


NAME: — 
ADDRESS 
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New York resicents acd applicable sales tax. Available outside Western 
Hemisphere at $50.00 per copy. 
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How the LIFEPA K’ defibrillator 
control system makes it easier to 
save a life. 


In a practice situation, using a defibrillator is really not too difficult. But 
in a time of actual cardiac emergency, simplicity of operation can make 
the difference between success or failure, life or death. Look at the control 
system on any Physio-Control LIFEPAK defibrillator/monitor. You'll see 
a very simple, one-two-three operating system. ONE: depress the 
POWER button. TWO: turn the knob for ENERGY SELECT. THREE: 
depress the CHARGE button, and when it stops flashing you're ready. 
And the CHARGE function can be controlled from the paddles. That's 
the system. The simplest and best-designed there is. Now you know 
another big reason why so many hospitals around the world standardize 
on Physio-Control's family of LIFEPAK defibrillator/monitors. 


You can't beat the system. 
LIFEPAK defibrillator/monitors from Physio-Control. 


Physio-Control Corporation - Cardiovascular Division - 11811 Willows Road * Redmond, Washington 98052 USA - (206) 881-4000 
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Announcing . 
a unique, noninvasive 
emergency pacemaker 


PACE AID 


The major remaining problems in the management of 
cardiac arrest are asystole and severe bradycardia.... 





Now PACE AID provides immediate therapy 

| ] easy application with anterior/posterior adhesive electrodes 
[ ] portable/battery powered 

C] buys time to start endocardial pacing 

[.] for ED, ICU, CCU and mobile cardiac care units 

[| no defibrillator should be without one 


Noninvasive PACE AID p 
Cardiac arrest patient with asystole at 80/min — blood press 


and ventricular escape beat. 110/80 mm Ha. * 
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*Data on file, Cardiac Resuscitator Corporation. 
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One Emerson Lane/Secaucus, New Jersey 07094 
201-863-4567 


en the imparanec af building 
a medically aware public 





PHARMACEUTICALS 


PFIZER INC., 235 E. 42ND ST., NEW YORK, N. Y. 10017 


Dear Doctor: 


Scientific progress continues to result in significant new therapeutic 
advances. As you know, the positive results achieved with these treat- 
ments depend in good measure upon effective physician /patient 
communication. At the same time, there is a growing interest by 
the general public in becoming better informed on healthcare issues 
and in assuming a larger role in maintaining their own health. We 
believe that an informed patient has a better chance of being a healthier 
patient. 


In an effort to help bring needed information to the public, Pfizer is 
embarking on a health education campaign. This campaign consists of a 
series of health information messages which will reach patients through 
newspapers, magazines and radio. In these messages, patients are in- 
formed of the symptoms of diseases such as hypertension and angina and 
are advised to seek the advice of their physicians in response to these 
symptoms. Moreover, the messages stress the need for periodic medical 
examinations to uncover asymptomatic conditions. A sample message in 


this series appears on the page opposite this letter. 


This campaign is one part of a broad new Pfizer communications program. 
Another aspect of this effort is our Patient Information Program, which 
consists of providing comprehensive patient information books, such as 
Learning to Live with Angina, to physicians for distribution to their patients. 


I take pride in this program and invite your participation and response. 


Sincerely, 


PATE ^C E 


Sheldon G. Gilgore, M.D. 
President 
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"Most systems can't discriminate between normal and ectopic beats 
during gated cardiac studies.So they can't give you accurate data on 
patients with abnormal rhythms. 

But the ADAC system can. 

It analyzes 100% of the R-R interval for every beat. — . 

You can store ectopic beats separately for 
later review, or delete them entirely. Result: 
you get a precise and complete picture of the 
normal beats alone, and a true representation 
of ejection fraction in abnormal patients. 

You won't find this Bad Beat Rejection 
capability on any system but ours" 


CHARLES W. CANTONI, PRESIDENT 





Bad Beat Rejection for 
ADAC Nuclear Medicine Systems. 


ADAC'Ss Bad Beat Rejection gives 
you many options never before possi- 
ble with cyclic gated acquisition. 

This new development - part 
hardware, part software - is designed 
specifically for ADAC Nuclear 
Medicine Systems that have an ADAC 
Arithmetic Processing Unit (APU). 

For the first time in nuclear 
medicine, it enables you to separate 
or delete bad beats and save every good 
beat without time-consuming recon- 
struction. 


It also lets you store beats so 
studies may be framed forward and 
backward from the R-wave. 

In addition, you can preselect win- 
dows for rest and stress heart rates, or 
normal and ectopic beat studies. 

Bad Beat Rejection significantly 
reduces acquisition time for patients 
with abnormal rhythms. It may also 
reduce the number of cases requiring 
catheterization. 







And because it allows analysis of 
the entire R-R interval - including the 
P-wave - valuable information about 
atrial contractions may be obtained for - 
the first time. | 

For more information about Bad 
Beat Rejection and ADAC Nuclear : 
Medicine Systems, please write or call. 

ADAC Laboratories, 255 San 
Geronimo Way, Sunnyvale, CA 94086. — 
(800) 538-8531. 

In California, call collect (408) 
736-1101. TWX: 910-339-9393. 


ADAC 


Medical Imaging System 
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This report deals with increased cardiac mass in the li 
variables: normal ventricular growth (embryo, fetus, 
the response to work loads (hemodynamic stress) and hypo 
responses of hyperplasia (increase in cell number), hypertroph y (increase 
in cell size) and the type of cell (muscle or connective. tissue), t he 
or maturity of the myocardium at the time the hemodynamic or hypoxic 
stress is imposed, and the biochemistry, ultrastructure and function 
morphology (modeling) of the ventricles in response to volume or pres: 
overload. The desirable physiologic adaptations to work loads are ch 
acterized, and the transition from physiologic to pathologic stat A 
amined, comparing and contrasting increased ventricular mass in pa lier 
and in trained athletes. s 
Regression of increased ventricular mass is then discussed, first at ti 
cell level (hypertrophy/hyperplasia; muscle cell/connective tisst 
then at the organ level. The requirements for maintaining o establis 
normal ventricular function after removal of overload are revie 
gether with such variables as the type and duration of pre 
modynamic stress, the right versus the left ventricle and the relativo at 
of contractile protein synthesis and degradation. B 























Preoperative development of increased mass and regress 
eration are important properties of ventricular myocardit 
to both responses are the alterations at biochemical and cel 
the modifications of the ventricles as functional an 
process of normal cardiac growth—intrauterine and 
considerable light on the nature of increased ventricular 1 
to hemodynamic stimuli and serves as a point of departu 
to understand the fate of cardiac hypertrophy after oper 
Normal ventricular growth in utero: The earliest st. 
development— synthesis of cell-specific protein (cyto 
and “looping” (the first major morphologic transforma 
trinsic properties of the heart, independent of hemody: 
After the bilaterally symmetric heart loops into an asymm 
structure, cardiac growth becomes coupled to hemody 
a relation that subsequently governs the response O 
and pathologic hemodynamic stri P m 
-Growth of an organ car 



















































































e, ox eu iau. ck ob aR retain their 
| y to replicate, but this cell population rapidly 
ippears,! and the property of muscle cell division is 
entirely in the human heart 3 to 6 months after 
1.296 Thereafter, growth of these mitotically static 
lls ia achieved by enlargement (hypertrophy) within 
virtually constant population of myocytes.?? In the 
ature myocardium, muscle cells have never been un- 
equivocally shown to resume mitotic activity in response 

to stimuli that induce an increase in cardiac mass.! 
3 H has generally been assumed that the walls of the 

'ight and left ventricles are morphologically the same 
at birth because the intrauterine work loads of both 
chambers are similar. Nevertheless, there is evidence 
that gross and ultrastructural differences exist.?? In 
neonatal canine hearts, for example, the right ventric- 
ular wall is thicker than the left, and its myofibers 
generally have a more mature appearance.? Either in- 
trauterine loading conditions are not identical as com- 
monly believed, or there is a difference in the response 
- of right and left ventricular muscle cells to the same 





OA comparison of the growth patterns of the post- 
partum right and left ventricles provides insights into 
the responses of cardiac muscle working against dif- 
ferent loading conditions. 'The importance of hemo- 
dynamic stress in the regulation of cardiac growth be- 
comes clear.! Closure of the foramen ovale and ductus 
eriosus, expansion of the lungs and elimination of the 
placenta result in a low resistance pulmonary circulation 
coupled to a right ventricle with a drastically reduced 
rate of growth, and a high resistance systemic circula- 
on coupled to a left ventricle with an accelerated rate 
of growth.!!? The responsiveness of ventricular growth 
ered loading conditions is underscored. “Physio- 
zical atrophy" of the right ventricle is therefore a 
nomer, because both ventricles increase in thickness 
age. The increases are merely discordant because 
uch slower rate of growth of the right ventricle 
d with the left ventricle.!1.? Right ventricular 
oes not undergo regression; it simply gains weight 
more slowly than the left. 'The differences in 
es of the ventricles after birth are responses 
t work loads faced during the transition from 
tnatal circulation.!? These effects are shared 
ntricles and the septum, with the major 
ventricular free wall, the least growth in 
] lar free v hon diris an intermediate response 














right, and its myocytes a are o 13,14 5 Ani increase in size : 
of cardiac muscle cells is chiefly responsible for normal : 
ventricular growth beyond infancy; therefore this form | 
of "hypertrophy" can be considered “physiologic.” 7 
More to the point, both ventricles continue to increase - 
their mass in the growing child, chiefly in response to 
the obligatory volume load imposed by a steadily in- | 
creasing cardiac output (greater metabolic demands). 
and blood volume.’ Accordingly, each mammalian birth — 
serves as a model of the effects of hemodynamic forces 
on the growth of the heart, culminating in a 20-fold in- — 
crease in human left ventricular weight from birth to: 
maturity.? | 
Ventricular responses to overload and hypoxia: 
Two types of stimuli relevant to this discussion provoke 
an increase in ventricular mass in excess of the process 
of growth just described—overload (hemodynamic. 
stress) and hypoxia. The ventricular response to over- 
load has been divided into three stages: acute (Starling 
or Anrep), chronic (characterized by relatively stable 
hyperfunction) and the late stage of depressed ven- 
tricular function (heart failure).!° The desired adaptive 
response to chronic overload is achieved when the heart. . 
operates at the normal function per unit of ventricular . 
mass that existed before the loading conditions were: 
imposed. When adaptation to overload achieves normal 
function per unit mass, cardiac reserve is reestablished, 
and further overload (acute or chronic) is handled - 
normally. It goes without saying that the heart does not . 
possess unlimited capacity to increase its mass in re- 
sponse to hemodynamic stress, but what determines 
that limit and what governs the transition from physi- 
ologic growth to pathologic growth with impaired ven- | 
tricular function remain to be established. ^!6 
Hypoxia is a stimulus to increased ventricular mass, 
and the relation between hypoxia and hyperplasia in 
the neonatal heart must be considered. Exposure of the 
immature rat heart to hypoxia results in proliferation . 
(hyperplasia) of myocytes and fibroblasts!" in contrast ` 
to the response of the mature heart to oxygen depriva- - 
tion. It is believed that the low arterial level of partial 
pressure of oxygen (PO2) normally present in the fetus- 
is essential for the rapid rates of myocyte division and | 
cardiac growth in utero, and that the abrupt increase in | 
arterial PO» accompanying spontaneous respiration at — 
birth is largely responsible for the subsequent rapid 
decrease in the rate of myocardial cell replication!’ (see - 
earlier). Intracellular oxygen tension appears to act - 
directly to modify deoxyribonuclease (DNA) synthesis | 
and the rates of cardiac cell division.!? When chick . 
embryo heart cells are exposed in vitro to progressively. 
lower concentrations of oxygen, rates of cell division — 
proportionately i increase. 19 - Amamalous org of the ien » 


























valve stenosis, poh bsc p ju in apis 
rentricular mass that can outstrip its blood 


ja in turn stimulate (reinforce) coexisting hy- 
sia during early development? 
ther factors influencing increased ventricular 
8: In addition to mechanical and hypoxic stimuli 
nd the inherent difference between hyperplasia and 
hypertrophy, other variables influence the cell responses 
hat result in an increase in ventricular mass: the type 
of cardiac cell (muscle or connective tissue [fibro- 
. blast])'!? and the stage of myocardial maturity at the 
time the stimulus to growth is imposed (see earlier).?:16 
_ Rat myocytes and connective tissue cells (fibroblasts) 
_ respond differently to mechanical or hypoxic stimuli. 1+7 
. In the neonatal (immature) rat heart, growth of con- 
-. nective tissue cells is achieved by hyperplasia whereas 
. myocytes undergo both hyperplasia and hypertrophy. 
|. In the mature rat heart, cell division is limited to con- 
-nective tissue cells, whereas growth of myocytes is 
achieved only by cell enlargement.?4.7?! An important 
point emerges—in the setting of congenital heart dis- 
- ease in the human host the early cardiac response to the 
-- overload stimulus is probably not confined to hyper- 
^ trophy of muscle cells, but importantly, may include 
_ hyperplasia of both myocytes and connective tissue 
-cells because the stress, be it mechanical, hypoxic or 
both, typically begins in utero or in the neonate. If the 
stimulus to growth is applied when myocyte replication 
is still possible, autoradiographic and histometric data 
: -in rat hearts show that an increase in cardiac mass is 
. accompanied by accelerated cell division.!!2? In- 
< creased afterload caused by experimental aortic con- 
<< striction in weanling rats stimulates mitotic activity of 
= left ventricular myocytes,?! a response that may occur 
hs when discrete aortic stenosis is present at birth in 
“human hearts. 
-> Important but unanswered questions are whether 
such stimuli have the same effect in both the human 
- and the rat heart, whether the stage of neonatal hy- 
... perplasia (mitotic div ision) is prolonged by overload and 
< whether the responses of the right and the left ventricle 
. -. to early overload are the same because the normal du- 
. ration of mitotic activity is probably not identical in the 
two chambers.!? There is reason to believe that the in- 
^ herent number of mitotic divisions available to the 
- cardiac myocyte is not solely regulated genetically, but 
can be modified by environmental factors.*?? 
Biochemistry of increased ventricular mass: A 
onsiderable body of information has been assembled 
n the biochemical changes accompanying an increase 
n ventricular mass, but a host of important questions 
remain almost completely unanswered.?4?5 It has been 
d without understatement that, *Our understanding 
ow the biochemistry of contractile proteins relates 
iological function is in its infancy." ? 
tuents within. the muscle cell. Amyofibrillar 
mitochondria, br d. soli | 











































rendering myocytes hypoxic. Can this form of 


. internal dimensions of the left vei 
os increase in 1 chronic volume over 


7 to 10 days M Thu 
chen selves almost complete 
synthesis is exquisitely sens 
stimuli,!6 but the biochemical li 
work loads and synthesis of co 
largely unknown, and the mechan 
activities are regulated and adj 
demands have not been establ 
pertrophic stimuli have been sho: 
crease in the concentration as wel 
actomycin within hypertrophied.m 

Ultrastructural and cell resp: 
The initial adaptive response of ma 
gradual overload utilizes mechanism 
of normal cell growth.? In either case, 
responses to pressure (afterload) and volui 
differ from each other, but details in thi 
incomplete.?7.?? In pressure hypertrophy in 
the rabbit, the volume of the myocyte occupi 
myofibrils is believed to increase out of proportion 
other components.?-2999 Page et al.79 found that i in 
than 24 hours after experimental aortic constriction 
rats, additional myofibrils were synthesized. By con 
trast, in the hypertrophy of volume overload in 
rabbit, mitochondria occupy a relatively greater vol 
of the myocyte. ?! Meerson?? pointed out that in. 
swimming for as little as 2 hours, slight adaptive s swe 
of mitochondria was seen with electron microse 
When the hemodynamic stimulus to hypertrophy 
pressure overload, increased systolic wall stress lead 
to the addition of new myofibrils in parallel, setting 
stage for an increase in wall thickness.’ When 
stimulus is volume overload, an increased diastolic 

stress results in new sarcomeres in series, Seius 
stage for elongation and chamber enlargement.’ E 

Structural and physiologic responses to averlo: 
These last comments serve to clarify the “functi 
morphology” (modeling) of pressure- or volume-loa 
ventricles. Cardiac muscle has a remarkable cap: 
to adjust its mass to variations in loading condit: 
The resulting geometric patterns in the pressur 
volume-hypertrophied left ventricle differ from t 
patterns and from each other. The pressure-load 
ventricle achieves an adaptive augmentation 
increasing its septal and free wall thickness. 
internal dimensions (radius and base to apex) r 
unchanged.” The disproportionate i increase i 

tal/free wall thickness ratio relative to cavity size : 
in a chamber ideally suited for ejecting a norme 
volume against a high resistance. Conversely; 
ume-loaded left ventricle achieves an adaptive in 
in mass by enlarging its internal dimensions (ra 
base to apex) with, at most, a proportionate inc 
its septal/free wall thickness, 7:3? resulting ina: 
ideally suited to eject an augmented. st 
against a normal or reduced resistance. E 
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gurgi tation, À the pole ventricle Sende to ‘he: 








ine te ne pressure load of the Pinus 
le, which is “designed” by nature to function as 
pressure pump, strictly adaptive? From a func- 
l point of view, it is instructive to reflect on the 
lowing observations: When the fetal right ventricle 
ntinues to eject against systemic resistance after birth, 
in cyanotic tetralogy of Fallot, right ventricular wall 
'rowth keeps pace with that of the left ventricle and 
eptum, and long-term function of the right ventricle 
is remarkably good.?*?^ Witness the relative infre- 
quency of right ventricular failure in this anomaly.?? 
lowever, if a pressure load is chronically imposed on 
he mature right ventricle (after the capacity for muscle 
ell hyperplasia is lost), the performance of that 
hamber is not as good. Witness adults with acquired 
pulmonary hypertension (mitral stenosis, for example) 
whose right ventricle fails at pressures far below sys- 
_ temic levels. 
_ Cardiac adaptation in the athlete: The adaptive 
_ cardiac response of trained athletes sheds further 
light on the development of increased ventricular 
- mass. 86-39 
|.» Athletes engaged in isometric exercise (weight lifters, 
wrestlers, shot putters, for example) experience an in- 
_ crease in ventricular septal/left ventricular free wall 
_ thickness ratio with no increase in internal dimensions, 
analogous to findings in patients with chronic pressure 
werload (see earlier). 36 Conversely, athletes engaged 
n isotonic exercise (long-distance runners, swimmers, 
asketball players, among others) experience an in- 
rease in the internal dimensions of the left ventricle 
adius and base to apex) with at most a proportionate 
rease in septal/free wall thickness ratio, as in patients 
chronic volume overload (see earlier).?9-4? The 
iulus to volume hypertrophy in the trained athlete 
anced between the two ventricles and corresponds 
oad induced by the level of exercise.?? 
s been argued that the augmented mass of the 
’s left ventricle is in response to intermittently 
verload, whereas the increased ventricular 
lisease States is in response to constant over- 
lowever, intermittent experimental pressure 
-a potent stimulus to the development of 
hypertrophy, provided the duration of the 
or b rather than seconds. or r minutes. 4l 




































ES a se of ERRIAN of constant bras: E 
exceeded a "critical" heart weight, longitudinal cleavage © 
occurred, resulting in an increase in the number of | 
myofibers and nuclei with little further increase in _ 

myocyte size. The transition from an adaptive (physi- - 
ologic) to a pathologic increase in ventricular mass is 
likely to be subtle and insidious, and probably varies _ 
with age as well as with the duration and type of over- 
load. Let us again turn to studies on athletes, examining 
the long-term effects of exercise on left ventricular mass 
and function.?? Young or relatively young athletes (20 
to 29 years, and 30 to 39 years) engaged in isotonic ex- 
ercise (bicyclists) experienced adaptive hypertrophy | 
characterized by an increase in left ventricular internal 
dimensions with normal free wall thickness.?? Older . 
athletes (40 to 49 years) who continued their strenuous - 
training from youth, experienced not only the increase - 
in left ventricular internal dimensions, but also an in- 
crease in left ventricular free wall thickness and slightly 
depressed left ventricular function. According to these 
observations,?? the increase in left ventricular mass was 
first characterized by dilation with normal wall thick- 
ness followed by an increase in wall thickness and slight 
depression of left ventricular function. 

Regression of ventricular mass: Meerson?? said, 
"Hypertrophy is undoubtedly the most important 
problem in the structural adaptation of heart muscle." 
Meerson can be paraphrased to read, “Regression of 
ventricular mass is an important biologic problem in the 
structural and perhaps functional normalization of 
heart muscle following surgical removal of overload." 
At what point in the development of increased ven- ~ 
tricular mass cen surgical intervention set the stage for. . 
regression? Studies of mammalian hearts, including - 
human hearts, have shown that pressure-induced ven- 
tricular hypertrophy regresses after the overload is 
removed.?^42-45 Can hyperplasia—an important cell - 
response when overload is imposed in neonates and- 
young infants with congenital heart disease—be cope ^ 
sidered a desirable adaptive response in the sense that _ 





hypertrophy is considered? Can hyperplasia regress? _ 


Does this regression differ according to the type of cell. B : 


involved—fibroblasts that maintain their capacity to — 


replicate as opposed to cardiac muscle cells that lose A 
that capacity? E 
Regression might take one of two forms: a reduction Ae 


in cell number (appropriate for fibroblasts) or a decrease ~ 


in cell size without a decrease in number, which may _ 
apply to myocytes. Should the latter assumption prove _ 
correct, there are far- reaching implications. If excessive 
prolonged hyperplasia i in neonatal and infant hearts — 
results in a lifelong increase in the number of cardiac. 





muscle cells, and if “regression” after surgical inter- - 


vention is characterized bye a decrease i in cells size rather _ 














oth short- and long-term (7 to 15 years) postoperative 
'ovement if not normalization of left ventricular 
ision based on thallium-201 myocardial scans. 
ming that ischemia-induced hypoxia had caused 
rplasia of potentially viable myocardium, was 
gical removal of the hypoxic stimulus followed by 
*regression" in muscle cell number or size, or both? 
. . Ventricular function and regression of mass: If 
. adaptive hypertrophy in trained athletes is normal, and 
- if pressure or volume hypertrophy in patients with heart 
- disease, at least initially is analogous, is regression of 
. ventricular mass after removal of overload a require- 
.. ment for preservation of normal ventricular function? 
- -Jt is noteworthy that regression does not necessarily 
«. assure normalization of function, and failure of regres- 
^. sion does not necessarily mean that function is abnor- 
-. mal. A biventricular increase in mass produced in cats 
-~ þy administration of thyroxine*® was anatomically re- 
- . versible but, despite regression of mass, papillary muscle 
- function remained significantly depressed suggesting 
residual ultrastructural or biochemical derangements 
_ dn those muscles. Increased ventricular mass may re- 
-. gress after removal of clinical or experimental overload, 
-© but contractility does not necessarily normalize.49 In 
<- contrast, exercise-induced left ventricular hypertrophy 
in trained greyhounds persisted in dogs deconditioned 
for 1 month or less, but left ventricular function re- 
. mained normal despite lack of regression of hypertro- 
phy. Does the response vary according to the duration 
and type of loading condition? What differences exist 
between responses of the right and the left ventricle to 
removal of chronic pressure or volume load? Is regres- 
sion of hypertrophy characterized by changes in the rate 
- of both protein synthesis and degradation? In thyrox- 
-ine-induced hypertrophy in rats?! the predominant 
change was increased protein synthesis with a minor 
- contribution from reduced degradation, whereas re- 
~ gression of hypertrophy was accompanied by decreased 
- synthesis, not increased degradation. Studies?" of ath- 
=o Tetes engaged in isotonic exercise indicate that modest 
. degrees of left ventricular hypertrophy are rapidly re- 
.« versible during voluntary cessation of training, but it 
S. 1s not clear how the marked cardiac hypertrophy in 
trained athletes responds to detraining, or what the 
~ effects of regression or its lack are on cardiac perfor- 
-. mance.38-49 
>- Because a physiologic adaptive increase in ventric- 
^ ular mass permits the heart to function normally at 
— greater work loads, the same myocardium theoretically 
- should retain normal contractility after removal of the 
overload whether or not ventricular mass regresses. 
Even if this were so, it should not be assumed that such 
arts perform better at normal work loads, nor should 
assumed that the increase in mass, if it persists, is 
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However, the variables are many 
ideals are seldom realized. Impor 


degree and duration of loading cond: 
velopmental stage (myocardial maturi 
mechanical loads are imposed. Also 
whether the response is hyperplasia or 
whether the hemodynamic stress repres 
or right ventricular volume or press 
combinations thereof or whether one ve 
dling volume while the other is handling 
pulmonary hypertensive ventricular sep: > 
a large left to right shunt). Myocardial reserve der 
on the loading conditions and inherent ven Ti 
contractility. Many patients experience an increas : 
postoperative cardiac reserve and symptomatic im 
provement after removal of pressure or volume loa 
from ventricles that are capable of little or no signific 
regression of mass and little improvement in bas 
contractility. Such interventions serve to improve the 
quality of life—albeit an abridged life-—by removing 
mechanical overload that encroaches on limited rese n 
and causes debilitating symptoms.”° cun c 
Thus, the objectives of operation peiformed after t 
ph ysiologic adaptive response has been exceeded ¢ 
ventricular function moderately depressed are parti 
regression of increased ventricular mass, improvem 
if not normalization of function and improvement. 
normalization of life expectancy.?? The objecti | 
operation undertaken when improvement in bas 
contractility and significant regression of mass are 
longer possible are to increase myocardial reserve 
removing the mechanical load borne by a failing hi 
to relieve symptoms and to retard pron 
cardial deterioration.” p 
Significance of myocardial fibrosis: It is us 
assumed that in hearts exhibiting an increa 
tricular mass in response to hemodynan 
cessive connective tissue results from is 
fibrous replacement of muscle cells ( 
ments).?? However, because connective ti 

















hyperplasia, some if not all of the fibrosis: 
hearts i is d to stem from this alterna 










ventricle le should re respon 1 





ind left. atrial ‘maximal oe 
reased left ventricular ejection fraction, ap- 
y related to reduced pulmonary blood flow.54 
yperation (either successful shunt or intracardiac 
eft heart volumes increase, but left ventricular 
on remains depressed.*‘ If these observations are 
t, we are confronted with still another concern 












































tions made. aie Sedi term bna oy follow- p x: 
study on several common forms of congenital heart - 





diseases. 
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Symptomatic ventricular dy gfünictlon in adults who have had reparative - 
-. operations for the more common congenital heart defects i is uncommon, — 
However, both invasive and noninvasive laboratory assessments o 


. tients after repair of atrial septal defect, ventricular septal defect, aortic 
or pulmonary stenosis, tetralogy of Fallot, transposition of the great arterie E 
and tricuspid atresia. Possible causative factors of late ventricular dys- 


The mechanism is unclear but it is probably related to. chron c. 


Department of Pediatric Cardiology, 
s i pert Cra Tennessee. This for many years but, once symptomatic ventricular dysfunction occurs 


id oe intervention to relieve igi Reniediynamic 9 oer gao o 















ventricular function have revealed abnormalities in some subsets of pa- 


function after repair include the duration and severity of volume or pres- Sz 
sure overload; the duration and severity of cyanosis; intermittent episodes 
of imbalance between myocardial oxygen supply and demand; residuae, 2 
sequelae and complications of treatment; and acquired disease. Further 
long-term follow-up studies are needed to assess the effect of current 
methods of therapy as well as timing of operative intervention on ven- 
tricular function in adults. 





With the major advances in operative treatment for congenital heart 
disease that have taken place over the last 25 years, a large number of 
patients have had successful operative intervention and have now: 
reached adulthood. The majority of these patients show no clinical evi- 
dence of abnormalities of ventricular performance and do not require 
long-term medical therapy. The purpose of this review is to summarize 
the available data regarding ventricular performance i in adults with. 
congenital heart disease who have had previous surgery. Data on the us 


common congenital defects will be presented in an attempt to review .. 
lesions associated with chronic volume overload, chronic pressure : 


overload and preoperative cyanosis. 


Causes of Ventricular. Dysfunction 


Chronic hemodynamic overload: Among patients who do. hà. 
ventricular dysfunction, its possible causes are listed in Table I. Ve 
tricular dysfunction can be secondary to chronic hemodynamic o: el 


















cardial hypertrophy which, over a prolonged period of time, is associat: 
with myocardial fibrosis and resultant permanent alterations inn 
cardial structure and function. This complication occurs more ofte 
chronic pressure loading, as in aortic or pulmonary stenosis, thai 
isolated chronic volume loading. However, it can occur in chronic volumi 
loading of the right ventricle, as in atrial septal defect, or of the le 
ventricle, as in ventricular septal defect or mitral or aortic insufficiency. 
It is well known that some pat nts can tolerate chronic volume loading ; 




















F lo o the detect or - defects 
odynamic overload— chronic hypertrophy —* ? fibrosis 
Ct as volume loading: ventricular septal defect, atrial septal 
-<> defect 
2. Chronic pressure loading: aortic stenosis, pulmonary ste- 
. . nosis 
Myocardial oxygen supply-dernand imbalance —* ? fibrosis 
. 1. Pressure overload: aortic stenosis 
`- 2. Cyanotic lesions: ? tetralogy, transposition 
Complication of treatment 
"A. ? Inadequate myocardial protection during operative interven- 
: . tions: ischemia —* fibrosis - 
«B. ? Inadequate myocardial perfusion during low output states: 
| severe congestive heart failure preoperatively with low cor- 
PEE onary perfusion pressure 
v. C. Intraoperative coronary air embolus and myocardial ischemia 
EN D. Altered coronary supply: tetralogy with injured or transected 
En ‘coronary artery, ? post Jatene arterial switch operation for 
p eH transposition 
v. SE. Ventriculotomy scar from repair: right ventricle —tetralogy; left 
ESO ventricle—multiple muscular ventricular septal defects 
F. Heart block with subsequent ventricular pacing 
ii Acquired disease 
B Coronary artery disease 
B. Myocardial disease: endocarditis with valvular or myocardial 
damage, or both 






















; "halnüee between myocardial oxygen supply and de- 
. mand,! which may be present intermittently in patients 
_ with various congenital defects. This phenomenon can 
occur i in patients with severe aortic stenosis in whom 
. myocardial oxygen demand may outstrip supply at 
. times of stress when left ventricular pressure is in- 
. creased and myocardial perfusion is decreased.” This 
-situation may also occur with severe right ventricular 
-. pressure overload? as well as in cyanotic lesions in which 
oxygen supply may be limited by decreased arterial 
- oxygen content and in which coronary vascular resis- 
-tance may be increased by polycythemia.9-8 

__ Complication of surgical treatment: Ventricular 
: dysfunction may also occur as a complication of surgical 
eatment for a congenital heart defect. Inadequate 
yocardial protection from ischemic damage may occur 
luring operative intervention. This complication is 
especially apt to occur in hearts that are greatly hy- 
- pertrophied and for which intraoperative myocardial 
-ischemia is necessary for extended periods to repair one 
. or more defects. In addition, episodes of inadequate 
.myocardial perfusion and subsequent myocardial 
poxia during low output states may occur during 
mes of severe congestive heart failure and low output 
er preoperatively or in the postoperative period. 

A tered coronary flow: Rare causes of myocardial 
unction include alterations in coronary blood flow 
to intraoperative coronary air embolism or to injury 
transection of an abnormally positioned coronary 
ery as can occur in repair of tetralogy of Fallot. In 


ditio 


ition, ] Moperative ohne oe s may be inad- 
































Summary o ' Data on Ventr cular i 


i si unc aigue 
TEL i €" ` Atrial Septal Defect. 


i menit j 








A. Right ventricle NC : 

1. Persistent dilation, abnormal Sapte mo 
pliance, and decreased | pump function ha: 
in adults after repair 

2. Probable risk factors for these. abnormalities à 
poor preoperative function ^ 

3. Late problems with right ventricular dysfunction hi 3 
reported in patients with repair in childhood- 

B. = ventricle — 
. Chamber size is at the lower limit of normal 
 erative patients ies 

2. Pump function abnormalities of the left ventricle al 
extremely rare | 



















































dysfunction secondary to altered coronary flows in 
latter two conditions is purely speculative at. prese 
Ventriculotomy scar: À right ventriculotomy 
performed for repair of virtually all cases of tetral 
of Fallot or pulmonary atresia with ventricular sept; 
defect. This incision creates an akinetic area in the rigk 
ventricular outflow tract. In addition, many patient 
require an outflow tract patch for repair of tetralogy 
and the resulting akinetic area in the right ventricle 
larger than that caused by ventriculotomy without 
outflow patch. If the patch extends across the pulmi 
nary anulus, pulmonary insufficiency is created with 
resultant chronic right ventricular volume overload. 2 
of these interventions at least theoretically can alte 
right ventricular function considerably. Similarly, pa 
tients with multiple defects in the ventricular septi 
may require a left ventriculotomy for repair. The ı 
sultant akinetic area in the systemic ventricle can po- 
tentially cause ventricular dysfunction. - 
Heart block: Finally, patients who have heart blocl 
that requires ventricular pacing have mild to modes 
alteration of ventricular performance due both to t 
lack of presystolic atrial “kick” and to the dyssynch 
nous contraction that occurs with ventricular pac 
Acquired disease: Another cause of altered ve 
tricular function is acquired disease. The most coi 
acquired problem is coronary artery disease in the 
adult. In addition, myocarditis (rarely) or endoc 
with valve or myocardial damage, or both, ma: 
role in the ventricular dysfunction of cert: in 
tients. | 








Isolated Volume Overload 


Atrial Septal Defect (Table li) 


Abnormal right ventricular function: In: pa à 
with a large septal defect, the right ventricle and 
atrium are uu isnt M ins -Althou 






—— 










yp rr r ‘pny and mild decrease in jump 
í pen reported in patients operated on in 


e, waite mass, and function have been reported in 


its operated on in infancy 


cle 

ystoperative data are unavailable 

linical evidence for right ventricular dysfunction has been 
led 


nan et bal u found persistent abnormalities of right 
cular diastolic diameter on echocardiography in 
(TI percent) of 31 patients studied 5 to 38 menths 
f er operation. Despite this abnormality, 14 consecu- 
ve patients underwent exercise stress testing per- 
rmed using maximal treadmill exercise testing. Nine 
these 14 had persistent right ventricular dilation and 
at or paradoxical septal motion. Maximal oxygen 
onsumption during exercise was within the ncrmal 
nge for all 14 patients. 
Liberthson et al.!2 showed abnormal right ventricular 
size and ejection fraction persisting postoperatively in 
41 adult. patients studied with radionuclide techniques 
after repair of atrial septal defect. These patients were 
distinguishable from patients with no postoperative 
i:bnormalities by being older at the time of operation 
nd having a greater degree of right ventricular dilation 
and a lower preoperative right ventricular ejection 
action. Four patients with postoperative catheter- 
zation showed diffuse right ventricular hypok:nesia 
espite normal pulmonary arterial resistance and nor- 
mal coronary arteries. Thus, there appear to be some 
nts with persistent right ventricular dilation who 
ow abnormal right ventricular function despite ade- 
| repair of an atrial septal defect. Fortunately. these 
nts are in the minority. Operation to close an atrial 
defect in childhood appears to prevent such ab- 
lities of ventricular function. 
normal left ventricular function: There have 
eports!? :14 of abnormal left heart function after 
for atrial septal defect. These abnormalities 
ght to be related in many instances either to 
disease or to decreased filling of an abnormally 
entricle due to the chronic “underloading” 
ber i in the presence of a large left to right 
yr to altered diastolic filling characteristics 
ntricle in the presence of a large right 
the septum “bowing” posteriorly. Davies 
d on seven patients who presented with 
evated pulmonary arterial wedge or left 
ja exin pressure, or both, after repair 
efec t, These patients Y were all adults 





























-been obtained « on preoperative patients i in c dhood. 











































does not return to normal ‘after operation.  Repaii 
atrial septal defect in childhood has not been associate 
with residual left ventricular dysfunction. 


Ventricular Septal Defect (Table Ill) 


Left ventricular dysfunction: In 1971 we" — : 
on patients with chronic left ventricular volume over- 
load secondary to a ventricular septal defect who were 
operated on in childhood and who had significant re- 
sidual mild left ventricular dilation, left ventricular 
hypertrophy and mild depression of left ventricular 
ejection fraction. Twenty-three patients were studied - 
1 to 5 (mean 2.4) years after operation which was per- 
formed at a mean age of 5.4 years. Postoperatively left- 
ventricular end-diastolic volume averaged 84 + 3 ml/m? 
(normal 71 + 2, probability [p] <0.001), left ventricular 
wall mass 110 + 3 g/m? (normal 82 + 2, p <0.001) and 
left ventricular ejection fraction 0.54 + 0.01 (normal 0.63. 
+ 0.01, p <0.02). An additional study! revealed ab- 
normal isovolumic contractile element indexes of 
myocardial function in a similar group of nine patients 
studied 0.7 to 1.4 years after closure of a large ventric- - 
ular septal defect at an average age of 7.1 + 0.4 years.. 
Maron et al./8 demonstrated an abnormal response to: 
intense upright exercise in 5 of 11 asymptomatic pa- 
tients studied 3 to 15 years after closure cf a ventricular 
septal defect performed at an average age of 15 years. 
All five patients with an abnormal exercise response 
were operated on after age 10 years, and the magnitude 
of the abnormality was directly related to age at oper- 
ation. 

Current status: The studies just cited!9-18 were all 
performed before current techniques, such as moderate 
hypothermia with or without cardioplegia for myocar- 
dial protection from ischemia during surgery, were 
widely used. It is thus at least theoretically possible that 
intraoperative ischemia could have resulted in the 
minor degree of left ventricular dysfunction reported. 
in these asymptomatic patients. A subsequent study!? 
revealed that, when operative intervention for a simi- 
larly large left to right ventricular shunt was performed. 
in infancy, residual abnormalities of left ventricular size, 
wall mass and ejection fraction were not present. Cr 
rently, most patients undergo operative intervention. 
for ventricular septal defect in infancy or early child-- 
hood, and it is unlikely that these patients will show 
significant postoperative left ventricular dysfunction. 














Pressure Overload 





Right Ventricle: Pulmonary Stenosis (Table I) 


Pulmonary valve stenosis provides an isolated righ 
ventricular pressure overload. Considerable informe 


EJ 


regarding ventricular performance in this lesio 


















d ht 






normal function in patients operated on in infancy or 
childhood is rare 

atients operated on later in life may have abnormal function, 
| pr documented at present 


i "No abnormalities have been documented 










to increased. 2-22 Despite these findings, there are iso- 
lated reports of abnormal right ventricular function in 
. patients who have had long-standing pulmonary ste- 
-. nosis. In addition, some data suggest that right ven- 
.. tricular function is abnormal after reparative operation 
. in adults.? Fortunately, the vast majority of patients 
- who have relief of a significant right ventricular pressure 
. overload secondary to pulmonary stenosis have normal 
. function and no clinical symptoms after operation. 

..... Data are needed to determine the correlates of poor 
E right ventricular function after operative repair in 
- adolescents or adults. Such patients now are extraor- 
_. dinarily rare and, with early operation in childhood now 
.. recommended for most patients who have right ven- 
. tricular pressure approaching systemic levels, it is un- 
. likely that significant right ventricular dysfunction 
postoperatively will be a frequent problem. In older 
- patients with severe pulmonary stenosis who come to 
.. autopsy, patchy or diffuse right ventricular fibrosis is 
. common?! in the presence of normal coronary arteries. 
These changes are probably secondary to intermittent 
episodes of myocardial hypoxia resulting from an im- 
- balance of oxygen supply and demand during times of 
` Stress or exercise. 


. Left Ventricle: Aortic Stenosis (Table V) 


-Patients with left ventricular pressure overload sec- 
ndary to congenital aortic stenosis who do not present 
symptomatic infants have a hypertrophied left ven- 
icle that is normal to small in chamber size and ejec- 
tion fraction is normal or increased.24 Patients with 
ortic stenosis who show a low ejection fraction are 
sually those with long-standing severe pressure over- 
ad. Fortunately, many of these patients show marked 
provement in ventricular function after relief of the 












' immary of Data on Ventricular Function After 
Or eration for Aortic Valve Stenosis 













eft ventricle 

1. Abnormal function has been documented i in some postoper- 
. ative patients, but most patients show improvement over 
preoperative function. 

everity of stenosis and duration of pressure overload are 

ably m inn rd to functional annals 
















aged 58 to 65. years who: had i 

nosis, reduced ejection fraction m 
ure. Aortic valve replacement was per 
catheterization performed 4 to 62 mont! 
Preoperatively left ventricular end-dias 
index was 119 + 16 ml/m? (normal 86 
stolic pressure 22 + 2 mm Hg and ejec 
+ 0.03. Postoperatively end-diastolic. 
unchanged but end-diastolic presst 
2 mm Hg and ejection fraction incr ZE 
value of 0.63 + 0.05. Thus an abnormal afterloac 
the major cause of a low left ventricular eje ci 
in adults with long-standing, severe aortic stenc 
operation can be beneficial despite this f re 
normality. Despite improvement after valve 

ment, some patients show residual left vent 
dysfunction due to long-standing hypertrop! 
myocardial fibrosis. Theoretically, operation b 
reduction in ejection fraction occurs should resul 
improved postoperative ventricular. perform 
Postoperative left ventricular function studies 
exercise in patient groups with and without a preope 
atively depressed ejection fraction have not been 
ported to my knowledge but would be of considerab i 
interest in regard to optimal management, | 































































Complex Cyanotic Lesions — 


Tetralogy Of Fallot (Table VI) 


Left ventricular function: There are cóneiderab 
data regarding the long-term follow-up of patients wi 
surgically treated tetralogy of Fallot. Most such patients 
lead a normal life, have no clinical symptoms wi 
normal activity and do not require cardiac medication 
Data in the past?*-?8 have shown abnormalities of le 
ventricular function in some subsets of patients aft 
operation for tetralogy of Fallot. However, r 
data?7-?? regarding adult patients or adolescen: 
shown normal left ventricular function in the m 
of instances. In addition, follow-up studies fro 








TABLE VI 


Summary of Data on Ventricular Function Atte 
Tetralogy of Fallot 














A. Left ventricle 








2. Rare patients with abnormal function hav 
combination: long-standing volume ov 
to palliative shunt(s), UE oven 
tricular septal defects 

B. Right ventricle "m 

1. Abnormal right ventricular size and pi pur "i 

linee in most patients | 



































































i ble volume overload 
.severe cyanosis for an ex- 
Ow. abnormal left ventricular 
yatients with residual ventricular 
pulmonary to systemic flow ratio 
frequently have very abnormal left 
ction.27 

‘icular function: In contrast, studies on 
ar function have indicated abnormalities 
ght ventricular ejection fraction both at rest®4 and 
ise.32 This is not unexpected, in view of the 
ilotomy that is required and the outflow tract 
h in many patients that results in a large akinetic 
a of the right ventricle. Data in our laboratory?* in- 
‘ate that abnormalities of resting right ventricular 
olume and ejection fraction are largely limited to pa- 
ents with a large outflow tract patch. . 
Cardiac functional response to exercise: The 
verall cardiac response to exercise has been reported 
o be abnormal after repair of tetralogy Fallot by a 
umber of investigators,5-*! most of whom studied 
. patients who were operated on in childhood or adoles- 
ence. As could be expected, patients with an excellent 
esult, as judged from low right ventricular pressure, no 
utflow tract patch and no residual shunts, usually 
lemonstrate the best functional result both at rest35 and 
uring exercise.*! In addition, Borow et al.,*? assessing 
eft ventricular performance with an afterload stress, 
ound a better response in patients operated on earlier 
ife. They reported depressed slopes of the work- 
unction curves (left ventricular minute work versus 
nd-diastolic pressure) in 12 of 12 patients who had 
epair after age 2 (mean 8) years and in only 3 of 8 pa- 
nts who had repair before age 2 (mean 0.9) years. 

0 summarize, most patients with successful repair 
ralogy of Fallot do not show clinical evidence of 
dysfunction. Left ventricular dysfunction is 
re and probably confined to patients with long- 
ng volume overload secondary to a shunt before 
ong-standing severe cyanosis before repair, re- 
ricular septal defect or possibly, intraoper- 
ocardial damage secondary to inadequate 
rotection during repair. The last category 
speculative at present; undoubtedly it would 
io patients who underwent repair before current 
ds for myocardial protection were being used. 
tricular dysfunction, however, is common 
r with increased outflow tract obstruction 
x. accounts n the abnormal exercise re- 











































arteries, quem require extensive infun- 
ida ae OutHow EA are more 


A, Left ventricle X 
1. Pump function is normal at rest 
2. The chamber may be small in some patients, acsi related 
to caval narrowing or obstruction 
B. Right ventricle 
1. Ejection fraction is decreased in most patients after intraatrial 
repair 
2. Exercise response is abnormai 


nuclide ventriculogram and arrhythmia detection are 
certainly warranted if there is any indication of clinical 
abnormality. Patients who are symptomatic or who 
show severe exercise abnormalities should undergo 
follow-up cardiac catheterization to determine whether 
a significant ventricular septal defect or residual ven- 
tricular outflow tract obstruction is present and ame- 
nable to surgical treatment. The finding of a decrease 
in either right or left ventricular ejection fraction with 
exercise in the absence of other findings is of unknown 
prognostic significance. Further long-term follow-up 
data will be required to determine if patients with these 

abnormalities will become symptomatic with time. | 


Transposition of the Great Arteries (Table VII) 


Right ventricular (systemic) ejection fraction: 
The majority of patients who have had an intraatrial - 
repair of transposition of the great arteries have a de- 
creased right ventricular ejection fraction. Data from : 
three different laboratories have shown^?-4? values for 
right ventricular ejection fraction averaging 0.43 to. 0.47 
(Fig. 1) (the reported normal value is 0.65 + 0.16 [mean - 


0.8047 
0.60 
0.40 


9.20 


RIGHT VENTRICULAR EJECTION FRACTION 


TGA-INTACT VEN. SEPTUM TGA ~ VSD 













-... FIGURE 2. Right ventricular ejection fraction compared among patients 
-. with pulmonary stenosis (PS), postoperative intra atrial repair of com- 
<: plete transposition (POSTOP TGA) and congenitally corrected trans- 
-position (CTGA). ILL = University of Illinois Medical Center; VAND = 
_ Vanderbilt Medical Center. Reprinted from Graham,3? by permis- 
- Sion. : 


. standard deviations + 2]?9). These data were taken from 
. 8 total of 55 patients studied an average of approxi- 
. mately 1 year after intraatrial repair of transposition of 
. the great arteries in patients with an intact ventricular 
- septum. Similar postoperative data from patients with 
. à ventricular septal defect closed at the time of repair 
of transposition revealed values for right ventricular 
-ejection fraction? of 0.38 and 0.393 (Fig. 1). The lower 
ejection fractions in the latter group may be related to 
the right ventriculotomy performed at the time of repair 
. in many of the patients. Benson et al.47 showed an ab- 
. normal exercise response with a decrease or no change 
. in radionuclide right ventricular ejection fraction during 
_ exercise in 9 of 15 asymptomatic patients studied 3.5 to 
.. 15 years after repair of transposition of the great arteries 
_ by the Mustard technique. We have found similar ex- 
cise abnormalities in right ventricular ejection fraction 
symptomatic patients studied 5 to 8 years after in- 
_ traatrial repair. Left ventricular size has been increased 
dn some patients, but abnormal resting pump function 
. has not been reported. | 
-= Clinical implications: The implications of these 
laboratory tests of abnormal function remain unclear. 
believe that patients with repair of transposition of 
e great arteries whose resting right ventricular ejec- 
ion fraction is approximately half the normal value 
33 or less) have some clinical impairment of exercise 
erance. Patients with a resting right ventricular 
tion fraction of approximately 0.43 (mean value of 
postoperative patients in our studies??) usually have 
0 clinically evident problems of exercise impairment 
d do not require inotropic medication or diuretic 
s. The decreased right ventricular ejection fraction 
ese patients is probably not simply the “normal” 
nse of a right ventricle which has to pump blood 
mic pressure, because children 


y stenosis or congenitally corrected 














































- (right ven 


ted transpo- - 





normal to increased: 0.67 to 0.70. Ir 
with congenitally corrected transpos 
arteries had an average right ventric 
tion of 0.60, a value considerably differ 
0.43 in patients studied after repair?? o 
transposition. A od 
These data suggest that systemic ve 
function in later adulthood may be a pi 
tients after repair of transposition. Long-ter 
low-up studies of these adults will be necessar 
termine whether the prevalence of clinically sign: 
abnormalities of cardiac performance in the young ad 
will be great enough to dampen the enthusiasm for 
method of treatment. E 
Etiology: The cause of the altered right ventricula 
function in these patients is unclear. My hypothesi: 
that myocardial hypoxia occurs preoperatively ona 
intermittent basis at times of increased stress whe: 
heart rate and blood pressure are elevated and myo- 
cardial oxygen demands exceed supply (Fig. 3). Thes 
episodes of hypoxia eventually lead to significan 
myocardial necrosis, fibrosis and altered function. A 
indicated earlier, modest depression of right ventricular 
ejection fraction is not usually associated with clinicall: 
evident dysfunction. Some patients may show a similar 
course to that of patients with congenitally correcte 
transposition, who frequently are asymptomatic unti 
young adulthood when signs and symptoms of conges 
tive failure develop along with systemic atrioventricu 
valve insufficiency and systemic ventricular dysfune 
tion. Another 10 to 20 years of follow-up study will bi 
necessary to determine whether similar problems wil 
occur in adults who have had intraatrial repair 
transposition in infancy or childhood. — DAE 
Left ventricular function: New data on left v 
tricular function after arterial switch operatio 
complete transposition of the great arteries will 
considerable interest for developing optimal m 
ment for these patients. In addition to the highe 
tality rate for patients who have had an arterial 
operation, a different set of potential problems inc 
possible abnormalities of coronary supply, aoi 
sufficiency and repeated operations for replacei 
the right ventricular to pulmonary arterial conc 












































































Tricuspid Atresia (Table VIII) 
























oF Low O5 content 
| 2. Polycythemia 
High viscosity —— 
High coronary resistance - 
13. | Aortic diastolic pressure. 
4 Coronary. perfusion pressure 
|. 4. 1 Heart rate 

| diastolic coronary flow 
5. t Wall tension (1 Pr ? Vol) 
| Endocardial coronaty flow 










ontractile state 
fentricular volume . 

































Myocardial O, Demand P Myocardial O; Supply 
| Myocardial Hypoxia 
i 
* Fibrosis 
Dysfunction 





“FIGURE 3. Schematic outline of proposed etiology for ventricular dysfunction in cyanotic congenital heart disease. 


na y artery directly or to the small right ventricle. systemic oxygen saturation and only mild to módéráte | 
normal. exercise response in these patients could be ventricular volume overload. It is currently. unclear. 
o abnormalities i in atrial function, obstruction to whether long-term follow-up studies comparing patients: 
monary flow, residual shunts or abnormal left ven- undergoing the Fontan operation with those undergoing. 
ular function. It is common after the Fontan pro- palliation with a succession of systemic to pulmonary 
for patients to have elevated right heart pressure, arterial shunts will lead to better palliation’! in the tu | 


venous. congestion, hepatomegaly, pleural ture. 






ascites. Often they are hypoalbuminemic. | 
al manifestations of right-sided congestive | Conclusion " ‘ 
quently considerably lessened over weeks Most adults who have had. repair at congeni talhe 
oncomitant with vigorous diuretic therapy. defects do not show clinically overt evidence o 
hese clinical findings along with the ex- tricular dysfunction. However, both inva 


ed indicate that further long-term fol- invasive determinations of ventricular performance a at 
əs are needed in patients with tricuspid rest and with exercise can n detect abnormalities in a 
by the Fontan procedure as well as by | | zs 


nary shunts. . 
anotie congenital heart disease is asso- 










bnormal ventricular function in the ma- 6.804. 
ts who reach adulthood wi ithout having | 
n to provide them with reasonably good 1 
| 6:604 
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ata on Ventricular Function After a 







sei fraction | is mildly TEN possibly 
o jration. and ru. of ids and the 


LEFT VENTRICULAR EJECTION FRACTION 
i aan 
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i B epode: of moard hypoxia 
to an imbalance between oxygen supply and 
complications or residua or sequelae of treat- 
t acquired cardiac disease. Previous data dem- 
ating abnormal ventricular function in patient 
oups operated on without current methods of intra- 
tive myocardial protection with hypothermia or 
ch mical sea eas ie or both, should be reexamined. 
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INTRODUCING AVIUS. 
THE SMALLEST, LIGHTEST, MOST ADVANCED DUAL CHAMBER 
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OUR PATIENTS 
AN FEEL BETTER 
ND LIVE A MORE 
CTIVE LIFE. 





Because it mimics 
the natural depolar- 
ization sequence 
of the heart, A-V 
sequential pacing is 
superior to standard 
| ventricular pacing 
achieving optimum cardiac output 
d efficiency. 
A-V sequential pacing is especially 
ective for patients with compromised 
yocardial function, mitral or tricuspid 
Ive disease, decreased compliance of 
e ventricle and angina pectoris. Many 
tients consequently feel better and 
n do more, thereby enjoying a more 
ive lifestyle. 


ermedics has responded to physicians 
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pacemaker with AVICIS. At 68 grams and 11 mm 
thin, it is the most compact system of its kind 
currently available. 

But AVIUS is no lightweight when it comes to pe 
formance. The pacemakers proven microminiatur 
ized circuitry gives you more opportunity to tailor 
the prescription to the individual needs of each 
patient than any other A-V sequential pacemaker. 
It is multi-programmable in three pacing modes: 
¢ A-V Sequential Demand Mode (DVI) 

* Demand Ventricular Mode (VVI) 

* Asynchronous A-V Sequential Mode (DOO) 

15 pulse rates, 15 pulse widths and 7 sensitivity 
levels are all programmable with the sophisticated, 
yet easy-to-use programmer. 


Intermedics PolyFlex* leads offer the flexibility and 
maneuverability physicians demand. Made from 
durable polyurethane, they are smaller and more 
supple than conventional leads. The dual unipolar 


Actual Size 





lead concept allows both leads to pass through 
one introducer into a single vein. The J-shaped 
— — — ——— atrial lead enhances 

ease of placement, 
and the tined lead tip, 
in conjunction with 
the J-shape, provides 
better lead stability. 
Two atrial- J lead 
sizes are available. 


VIUS is a complete pacing system, with EKG 
ransmitter, A-V Mini-Clinic and programmer 
omplementing the leads and pulse generator. All 
bf these components are designed to work in a 
ompatible manner, offering the finest technology 
available to benefit your patients. By bringing A-V 
sequential pacing down in size and up in perfor- 

ance, Intermedics is continuing to help you meet 
our patients' needs. 


cational materials, including article reprints, video 
tapes and films of actual implants. Or call us toll f 
at 1-800-231-2330 (in Texas call 1-800-392-3726 


AF Intermedics Inc.” 


P.O. Box 617 
Freeport, TX 77541 


Our Business is Life.™ 


c [ntermedics. Inc.. 1982 











Nominal Parameters and Product Information 


Configuration and Modes 
Pacing Configuration .........sseeeeeees Dual unipolar 
Operating Modes ........ 60sec eee ee DVI, DOO, WI 
Lead Compatibility ............ sese Accepts leads with 
5 mm connectors 

Programmable Functions 
Stimulation Rates ...... 30, 40, 50, 60, 66, 69, 72, 76, 80, 
85, 90, 96, 103, 111, 120 ppm 
Pulse Widths ........... 0.15, 0.31, 0.46, 0.61, 0.76, 0.92, 
1.07, 1.22, 1.37, 1.53, 1.68, 1.83, 
1.98, 2.14, 2.29 msec 
Negative Sensitivities’ ....... lowest (—2.8), lower (—1.9), 


low (—1.5), normal (—1.2), high 
(—1.0) higher (—0.8), highest 


(—0.6) mV 
Modes. à ce essi ethic en AAG ede DVI, DOO, WI 
Telemetry .:...... sees On (transmission terminates 
automatically after 15 pace 
or sense events) 
Operating Parameters 
Beginning-of-Service Magnetic Rate ............ 90 ppm 
Beginning-of-Service Pulse Amplitude? ............ 48V 
(at leading edge) 
End-of-Service Pulse Amplitude’ at 
Indicated Elective Replacement 
POE ches ie e ER DS eens Not less than 3.6 V 
(at leading edge) 
Beginning-of-Service 
Output Current? .........04. 9.6 mA (at leading edge) 
-Positive Sensitivities’ .............-46. +1.5 to +42 mV 
A-V Delay (DOO and DVI modes) ...........- 155 msec 
Refractory Period (In DVI... . . . . . 332 msec for rates 30 to 
.  mode,this period includes a 103 ppm, 290 msec for 
—.. 155-millisecond AV delay) rates 111 and 120 ppm 
Escape Interval (from a sensed ......... 0.1 to 10.0 msec 
^. ventricular event to shorter than the 
23 the next atrial programmed stimulus 
^. stimulating pulse) interval 
- Protection Against "Noise" .........- Reverts to fixed-rate 
^ (EMI above 15 events/ second) pacing at 90 ppm? 
"High-Rate (runaway) ........ . Rate limited to a maximum 
Protection of 125.7 ppm 
. Power Source 
System Type ..........-- s. Single lithium-iodine cell 
Cell Voltage ........... Det E dnte d ute 2.8V 
Cell Capacity «iis 4e Ee IE ROREM 3.0 AH 


Cell Energy osere riid ccc hen 7.8 WH 





Physical Characteristics 
CAGE MERE Titanium 
SOME «i actis EU eat td eee Sae Hermetic 
Header .. 0.2.0.0 000s ene Biologically compatible epoxy 
Suture Hole Plug ......... Medical grade silicone rubber 
Screw Caps <...s:6p2a ve ioiee ated Acetal polymer 
Dimensions ..........0000 008 n nn 6.0 x 4.7 x 1.1 cm 
Weight aio cence E EEIE ime EQ RR SONORA Ua 68g 
Elective Replacement Indicator ............ A drop of 
approximately 7 ppm 
from the beginning-of-service 
Power Cell Voltage (Available ......... A decline from 2.8 
via telemetry) to 2.2 volts 


'using a 40 msec haversine (sine?) test pulse. 

?measured when pacing intoa 500-ohm load at 72 ppm and a pulse width of 0.61 
msec (atrial and ventricular outputs). 

*if the pulse generator has been programmed to a rate greater than 90 ppm, it will 
pace at the programmed rate. 

*the model 263-01 has a small protrusion on each side of the connector portion 
of the pulse generator. The width of the pulse generator at this point is 1.4 cm. 


AVIS is a trademark of Intermedics, Inc. 
©Intermedics, inc., February 1982 
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Intermedics, Inc. 

PO. Box 617 

Freeport, TX 77541 

Toll free: 800/231-2330 
Texas: 800/ 392-3726 


Our Business is Life." 
@intermedics, Inc., 1982 


INDICATIONS FOR USE: Implantable cardiac pulse generators may be indicated for long-term — 
treatment of impulse formation or conduction disorders resulting in symptomatic bradyar- 
rhythmias, tachyarrhythmias, and heart block unrespensive to drug therapy. 

A-V sequential pacing is specifically indicated for treatment of conduction disorders that 
require restoration of both rate and atrio-ventricular synchrony. A-¥ sequential pacing may 
also be indicated for patients with extensive myocardial infarction with A-V block and sinus 
bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: There are no known contraindications to the 
use of pacernakers as a medical method for control of heart rate. Body rejection phenomena, 
local tissue reaction.or skin necrosis, muscle and nerve stimulation, embolism, and cardiac 
tamponade have been reported. i 


PRECAUTIONS: See the “Cautionary Notes" section of the Physicians’ Manual for the Inter- 
medics cardiac pulse generator to be implanted. Discussion includes Possible Complications, 
Environmental Hazards (electrocautery, diathermy, defibrillation, therapeutic radiation, home 
appliances, and industrial and special environments), and Effects of Drugs. 


corrective operation for several gun dm aul of anomelies b 
the double jeopardy of premature Spanar on of its pecu 


late complications not yet fully elucidated are = wel ae iar: indication for 
periodic, perpetual surveillance of patients who have received cardiac > 
prostheses. ; 


Until the ultimate goal of preventing congenital heart disease is achieve 
the interim objective will be to accomplish surgical repair that is. 
thorough and permanent as possible. This statement implies that on 
must select for each individual patient the age at operatión and the 
surgical technique that together appear to offer a better prognosis than 
that of any known alternative. Truly remarkable progress has been made 
during the past 40 or so years in improving the prognosis of such pa- 
tients. E: 

One concern in relation to long-term prognosis after surgical repai : 
of congenital heart defects is the effect of the use of prosthetic materials 
(in addition to suture material). As Table I indicates, use of such mate 
rials is widespread. Indeed it is difficult to identify a class of congenitz 
defects for which a prosthesis of some kind is not needed on at least sor f 
occasions. 

Although the classic definition of prosthesis is “an artificial part” 
the definition of artificial is “produced by art rather than ni 
recently proved more convenient in medical parlance to 
definition. This has been accomplished by coining the 
“bioprosthesis,” which means “an artificial part produced b 
and by art." 'Thus, for example, a porcine aortic valve 
nature, is removed by a person, sutured into a frame, : 

and then sutured into a human heart to take the” 

damaged valve. It might even be allowed for the p pu 
cussion to consider a free Hn of autogenous tissue s 


Patches 


For the purpose of this report, a patch will be regar 
of prosthesis that is not a valve or an extracardiac cond 
_ for the repair of a congenital cardiac defect. Thes ap patch ¢ 
i close a hole (in the e | ricu r m 
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CE a Prosthesis s Required" Common Used d Material -— l 


| Patch 3 





Restore septum 
Patch tunnel: 5 Redirect venous drainage Autogenous pericardium or synthetic >. 
Patch: 6 Restore septum — Pericardium or synthetic/synthetic 
Patch: 5 Restore septum Synthetic 
Gusset: 4 Free wall outflow tract Autogenous pericardium or synthetic 
EC conduit: 5 Connect pulmonary ventricie Homograft aorta or synthetic tube/ 





od to PA with or without valve: aortic 
& homograft, porcine, bovine. 
BE pericardium 
formity Valve prosthesis: 2 Subcoronary See text | 
utflow tract obstruction Gusset/EC valved conduit: 2 Ventricular septum; LV to aorta Synthetic/see text 
sl or tricuspid deformity Valve prosthesis: 3 Valve anulus See text 
! notruncal anomaly? Patch tunnel/EC conduit/ Restore septum and flow; Synthefic/see text/autogenous 
uh intraatrial baffle: 5 pulmonary venticle to pericardium 


PA; Mustard operation 


: essentially ne never; az = rarely; 3 = occasionally; 4 = frequently; 5 = almost always; 6 = essentially always. * Complicated pulmonary stenosis 
is im d to include such conditions as discontinuity between pulmonary ventricle and pulmonary artery, the presence of certain anomalies — 
coronary arteries, which prevent use of a gusset, or with YET aaa ie discordance. * includes double outlet right or left ventricles, truncus 







Autogenous pericardium or synthetic. RE s 










































riosus or transposition of the great arteries. 


fect. 


dura mater or fascia lata, may be autogenous, homolo- 
gous or heterologous or may be synthetic, and made, for 
example, of Dacron,® Teflon® or Gore-Tex®. 
— Many choices of synthetic products are available, 
depending*on the method of their manufacture, their 
porosity, thickness, fabrication (knitted, woven, velour), 
stretchability, compressibility and pliability. Addi- 
tionally, Dacron generates somewhat more tissue re- 
ction than Teflon. Which of these characteristics is 
desirable may depend largely on the individual prefer- 
ence and experience of the surgeon or may be dictated 
by the situation (such as the requirement for minimal 









: Asp ae septal defect; A-V = atrioventricular; EC = éxitrácardiac: LV = left ventricle; PA = pulmonary artery; VSD, ventricular septal de- 


porosity if the patch is to be placed as a gusset in an 
exterior cardiac wall in a patient receiving heparin). 
Long-term adverse effects: Fortunately, follow-up 
time is now sufficient to relieve to a major degree anxi- 
ety about the long-term ill effects of patch materials. 
Follow-up studies for more than 20 years of patients 
who have had repair of tetralogy of Fallot utilizing 
synthetic patches for closure of the ventricular septal 
defect and tissue or synthetic patches as gussets for 
repair of a hypoplastic right ventricular outflow tract 
have revealed no significant cause for concern.! The 
septal patches have maintained their integrity and, 
when examined at autopsy, have typically been covered 
by a substantial neoendocardium that nearly obscures 
the patch. Even in the case of patches placed to close the 
large central septal defect present in complete atrio- 
ventricular canal, where lack of growth might conceiv- 


ably cause distortion, especially of the adjacent valve 
structures (Fig. 1), there has been no tendency during 


some 12 years of follow-up study for late complications 2 


to occur. An exception exists with respect to the use of  . 


pericardium as a patch material for closure of ventric- 
ular septal defects, because aneurysmal dilation of the - 


patch has been reported in this setting.? Right ven- — 
tricular outflow patches have not shown a tendency to > 


contract progressively; rather, they have apparently 
provided better opportunity for a progressive reduction 


in any residual right ventricular outflow gradient than | LO 


was the case in outflow tracts of borderline dimensions 
not managed with an outflow tract gusset.) _ 

The exceptions to this excellent late record for patch 
materials are few. The earliest patches often used. by 
the pioneering surgeons were made of compressed 
Ivalon? sponge; the passage of time. revealed that this —— 
material does have the propensity t to dissolution and P 
disappearance centrally: with eestablist 

















right ventricular outflow gusset. 

ial baffle for Mustard operation: Dis- 
continued until recently as to the best ma- 
e used for the intraatrial baffle during the 
yperation® for transposition of the great ar- 
Some of us initially believed that synthetic 
il would be adequate for this purpose, thus al- 

in | preservation of the parietal pericardium.5 
er, it is probably true that a greater tendency 
or a thick neointima to form and contract with 
on than with pericardium, thus potentially causing 
_ stenosis of venous flow pathways.97 

Pericardial gusset for supravalvular aortic ste- 
~ nosis: Even the systemic pressure exerted against gus- 
.. sets, usually of pericardium, that have been used at the 
. base of the aorta for the relief of supravalvular aortic 
_ stenosis, has not given known ill effects in a follow-up 
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| FIGURE 2. The history of popularity of prosthetic valves with reference 
to the aortic valve. The author's estimate of the popularity of the valve 
- is plotted for any given time with an attempt at prediction beyond 1980. 
. Reading from left to right, the first plot (finely dashed line) was the 
ived technique of debridement of the calcified valve (thus really 
ot a technique of valve replacement). The next dashed line represents 
Teflon cloth valve, either single cusps or a trileaflet type. The next 
ely dashed line, which reaches the highest level on the graph, is 
ie bare strut ball valve prosthesis, the archetype of which is the 
tarr-Edwards 1260 valve; note its decline in popularity after 1970 
ex ause. of competition from several new approaches but its possible 
urgence of popularity beyond 1980. The next wide solid line rep- 
the homograft valve which declined in popularity steeply in the 
970s. The short low-lying slant-dashed line starting in 1962 
the nontilting disc-type valve. The next widely spaced line 
ith a dot starting in 1965 represents the heterograft 
ve, first of limited popularity because of the limitation of 
idehyde fixation, but then by late 1970s gaining exceptional 
ity in its glutaraldehyde-preserved variation; it is shown to be 
declining steeply in popularity because of the increasing 
about fimited irn The solid line that starts up about 1968 
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Konno? or Gottingen operation? is 
to provide reassurance, but if extrapola 
other situations is permissible, even the 
uated gussets may prove to provide long- sting | 
efit. V 















Prosthetic Valves. 






Volumes have been written about valve saplscaii 
in adults. Many correlations have been found betweer 
the result of valve replacement and the type of. valve 
used, the preoperative status of the patient or intra- o 
postoperative management. Extensive engineering 
studies have been made of the hydrodynamic properti 
and principles of prosthetic valves. Much of this work 
is directly applicable to the long-term effects of valve 
replacement in children; however, when valves are in- 
serted in children, several additional considerations are 
involved. These include the child's growth, require- 
ments for longer sustained function of the valve and - 
possibly differing tolerances to anticoagulant or other 
medication. 

Despite all this attention over a span of decades; the 
question of which valve is best has not yet been sub- 
stantially settled for either adults or children. "Hundreds | 
of differing types, models and concepts of valves have 
been enthusiastically promoted and tried in patients 
only to be discovered in practice to have certain flaws 
and limitations. This, of course, is the pattern of prog- 
ress in most fields of human endeavor. 

The history of this ebb and flow in. popularity: of 
prosthetic valves is to an extent germane to the topic of 
this report, because the future practitioner interested 
in the long-term effect of prosthetic valves may en- 
counter patients whose valve was popular i in the past, 
is so currently or will come into use in the future. In a 
effort to survey briefly a highly subjective estimat: 
by one observer of these swings in popular usage of th 
various valve substitutes through time, Figure 2 
constructed. The three types of valves that h: 
achieved the greatest popularity have been, succ 
sively, the bare strut ball valve, the tilting disc val 
the porcine bioprosthesis. However, each ha 
fallen short of a sustained position of este — he 
periority because of inherent minu A | 






























































with Sind to ah of the following ¢ crite 
Durability: Obviously, the ideal valve. 







































«20 years 16 
4 <25 years 17 
2—  —S. «30 years 33 

————) «35 years 33 
235 years 461 


/6 12 18 24 3C 36 42 48 54 60 66 72 78 84 90 96 
: as à PEN Months Post Implantation 
FIGURE 3. i Actuarial sürvival without degeneration for porcine 


ioprosthesis implanted in different age groups. There is a significant 
ifference between patients older or younger than age 35 years. (Re- 
r ed by portion from Magilligan et al. '4) 


ariance that frequently developed in the Silastic® 
poppet of ball valves before 1965 has largely been 
vercome since that time as a result of changes made in 
the process of curing the Silastic!!; however, the possi- 
bility exisjs that the potential for shrinkage and de- 
formity of a silastic ball poppet was thereby only re- 
tarded in development and might yet show up after 2 
r more decades of use. Similarly, the material of the 
jórk-Shiley tilting disc prosthesis was initially Delrin,® 
hich also proved tc be subject to wear!*; presumably 
he pyrolytic carbon disc used currently in this class of 
alves, even in the newly modified convexo-concave disc 
esign,? will remain free of degradation through a 
uman lifetime. 
he principal limitation of the bioprosthesis ap- 
years to be its durability. 145 Some debate has taken 
place s to the lower limit of durability which is ac- 
le. before such valves can be widely employed. 
vorkers have postulated that the other attributes 
e alves would still give them advantage if they 
) deteriorate as early as 10 years after insertion; 
set higher limits. Unfortunately, data that 
ccumulating after the first decade of use with 
yde-treated porcine valves indicate that the 
calculated deterioration-free incidence be- 
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Years 


FIGURE 4. Comparison of data regarding embolus-free incidence for. 
several current mitral prostheses. 8.5. = Bjórk-Shiley. eerte by .- 
permission, from Macmanus et al. 7) 


Nonthrombogenicity: The great frustration with 
prosthetic valves has been the problem of thrombo- 
embolism and even valve thrombosis. Despite all of the- 
efforts of our engineering colleagues to eliminate eddies, - 
cavities, vortexes and stagnation of flow, no synthetic 
valve has yet withstood clinical testing with a record. 
sufficiently encouraging to warrant a policy of with- 
holding anticoagulant treatment on a routine basis. 

The task of defining relative degrees of risk of. 
thromboembolism for the various prosthetic valves 
seems overwhelming for many reasons, particularly 
because the incidence of thromboembolism is related _ 
to many factors other than the properties of the pros- 
thetic valve itself.!9 These factors are primarily pa- — 
tient-related— size of the left atrium (for mitral valves); ~~ 
cardiac rhythm and New York Heart Association . 
functional class, for example, but they include adequacy . 
of control of anticoagulant treatment and other con- . 
siderations perhaps yet undefined. A large controlled 
randomized study designed to assess these factors has 
thus far been impractical because of periodic changes 
in valve design and because o? theoretical concepts for _ 
valve preference that override the desire to randomize. .. 
the choice of prosthesis. Thus, for now, all synthetic 
prostheses carry approximately the same stigma of - 
thrombogenicity, and require chronic anticoag 
management. The risk of thromboembolism in th 
recent series of patients, predominantly adults, is ah 
8 percent for the first 5 years, with no significant di! 
ference between valve types or location!” (Fig. 4 
an equal comparative risk of thromboemboli: 
achieved by providing anticoagu : 
all patients with a synthetic valve but to only sele ct d. 
patients with a bioprosthesis. Although various reports 
have given encouragement that one or the other type o 
synthetic valve might be less prone to thrombogenicit: 
and thromboembolism, results have shown that 




























vents any clearcut relerni = 
Thrombotic occlusion of a synthetic prosthe 
is usually catastrophic, 18 requiring É? 






















ves that provide greater washing with blood 
erable pivot zone may minimize this 










ical (hemodynamic) adequacy: The nat- 
al semilunar or atrioventricular valve is clearly 
ineering marvel with high efficiency (minimal 
rgitation and energy loss). Our engineering col- 
] es have appropriately given much attention to the 
ovement of prosthetic valve design in an effort to 
oach the excellence of the natural valve. One would 
thought that the bioprosthetic valve would allow 
- the closest hydrodynamic efficacy to that of the natural 
- valve, but disappointingly, the requirement for 
< mounting the grafted natural valve onto a frame or stent 
_ narrows the effective orifice to the extent that in smaller 
. Sizes the hydrodynamic function becomes a deficiency 
_ rather than an advantage. The construction of a valve 
. simulating the natural semilunar valve, by using flat 
- bioprosthetic material such as bovine pericardium, gives 
. one the opportunity to mount the tissue outside the 
supporting struts of the frame and then to achieve a 
.. better ratio between size of the valve orifice and size of 
.. the anulus.!? The newer generation of synthetic pros- 
theses, including the bileaflet?? and newer tilting disc 
. types, have as their principal attraction a highly effec- 
tive orifice to anulus relation. 
Infective endocarditis: The threat of infective en- 
b docarditis and, once developed, its responsiveness to 
treatment are apparently so similar among the various 
- types of bioprosthetic and synthetic valves that this 
. issue provides no basis for choosing between the various 
available valves. Thus, infection poses a continuing 
< threat for any patient having any type of prosthetic 
cardiac valve. Although endocarditis of late onset carries 
- asmaller risk than if it develops within 2 months after 
ration (40 versus 88 percent),?! such a complication 
bviously to be dreaded, and all measures for its 
intion must be taken. 22 
ngrowth of prosthetic valve: Because a viable 
placement valve is not an available option and no 
lve has the ability to grow with the child, later pro- 
essive patient to valve size disproportion is a concern 
ever valve replacement must be considered in a 
?3- however, in the case of a regurgitant atrioven- 
valve requiring replacement, anular dilation is 
arly always present, allowing placement of a valve 
s often of adult or near adult size. Also, aortic an- 
enlargement procedures can allow insertion of 
prostheses in children.?4 
mparing valves: From the aforementioned it can 
ippreciated that the real dilemma with respect to 
etic valves is that synthetic valves are more 
and also more thrombogenic and the opposite 
he bioprosthetic valve. Although congestive 
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8 red. Alt hough. this 
e ball valve, especially ~ 
r incipally related to the 
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pe of valve. Recent modifications inthe namic burden: imposed by th ubs 


ire is » usually a prominent ¢ cause of late mor-  bilization of the disc. o 


durability and thrombogenicity seer 
qualities of prosthetic valves that i i 






differences among them i in i their hide 
erties.” It is, therefore, of interest ar 
prising to find that the claimed advan ig 
type of prosthesis introduced into use 
been its hydrodynamic efficiency (Ta 
reflection as to the reasons for the de ine 
given valve suggests that failure in d 
thrombogenicity, or both, is of importan 
hydrodynamic deficiency is not paramount. — 
Choosing the preferred valve for children: 
preceding discussion is relevant not only to the com 
plications anticipated after valve replacement for cor 
genital heart disease but also to the process of choosin 
the preferred substitute valve for children. There ar 
differences in this selection rationale for children an 
adults. For example, there is a propensity for the glu 
taraldehyde-preserved porcine valve to calcify and de 
generate at a much more rapid rate in younger people 
(Fig. 3) (and presumably a similar propensity for other 
types of tissue valves) and also a greater likelihood ¢ 9 
hydrodynamic limitation (orifice to anulus relation) of 
the tissue valve in the smaller size valves. Thus, each o 
these features is a strong contraindication to the use ¢ 
the porcine valve in children. However, a lifetim 
threatened by the continuing combined risks o 
thromboembolism and chronic anticoagulation is ob 
viously unappealing. Some argue that even with the 
known accelerated degeneration of tissue valves | 











































TABLE ii 
The “Rise and Fall" of Replacement Valves 










Reason For 












Type of Valve Introduction 
















Cloth cusp Hydrodynamic * ai 
Central disc Hydrodynamic * Failure 
Bare strut ball Hydrodynamic * we 
Homograft Less thrombogenic i 
Tilting disc Hydrodynamic 
Heterograft Less thrombogenic 
Cloth-covered ball Less thrombogenic 

valve 
Pericardial Hydrodynamic 
Bileaflet Hydrodynamic _ 





* Compared with previously nee. di ; 
remains popular but would be even more succ 
tation given. t “Durability” in this: R ref 

























































pear ira valve replacement daia 
32 primarily for congenital deformity. 
ortality rates for such operations have 
ne from the range of 10 to 37 percent 
1960 to 10 percent or less in the recent 
nding on the proportion of aortic (lower 
'ate?6:28.32) to mitral or tricuspid valve re- 
ents and the number of small children in the 
ive series. However, the late follow-up data are 
'eatly revealing because the early reports pre- 
d yminantly involved synthetic valves and the mean 
follow-up intervals tended to be only 3 years or less, and 
more recent reviews have commonly not included pa- 
tients operated on in the early years of valve replace- 
ment, thus again shortening the follow-up interval. 
Klint et al.” reviewed the pertinent reports up unti 
1972 and found a mortality rate of 26 percent for valve 
replacement i in children, and even during the limited 
average follow-up period, 9 (5.4 percent) of 166 patients 
iad had thromboembolism and 4.8 percent had expe- 
rienced hemorrhage related to anticoagulation. In 1979, 
Sade et al.24 brought up to date a compilation of sub- 
sequently reported experience (314 valve replacements) 
and found a hospital mortality rate of 17.5 percent and 
late mortality rate of 9 percent. The average duration 
of the follow-up period was not estimated in their re- 
iew, but the total incidence rate of thromboembolic 
pisodes was stated to be 9 percent and that of bleeding 
isodes 10 percent. 
he review of Sade et al.?* was conducted at so shori 
ollow-up interval for their more recently employed 
valve series that they had not yet encountered 
and early incidence of deterioration in tissue 
They therefore recommended the porcine valve 
dren. A similar analysis by Wada et al.?! gave 
zoring the synthetic valve. Essentially all recent 
ts of late results of valve replacement using 
eses have confirmed a greatly increased rate 
eration of these valves in children.!4.1533-96 In 
" Magilligan et al.,!^ the age marker was 35 
ig. 3); the rate of valve survival without degen- 
t 80 months was about 40 percent for patients 
an age 35 years and about 90 percent for those 
aan 35 years. In another report from Henry Ford 
pi al? 133 these data were presented from a different 
W voint: Reoperations for spontaneous porcine valve 
| on were required in 55.5 percent of patients 
ears and in 7 percent of older patients (p 
9 made their comparison at above 
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erated calcification occurring in the degenerating col- ? 
lagen of porcine bioprostheses in children led Silver et 

al.34 to conclude that these valves may not be appro: 
priate for use in children. : 

Adequate data are not available to allow comparison: = 
of the risks of thromboembolism and of the complica- — 
tions of anticoagulant therapy among patients who * 
have received a prosthetic valve as children or as | 
adults. Several series of patients operated on in child- . 
hood contain isolated instances in which anticoagulant — 
treatment was not given or was withdrawn and throm- ` 
boembolism has not occurred; but to our knowledge ^. 
there is no evidence of substance to confirm any notion ` 
that valve replacement in children for acquired or 
congenital valve defects carries a lesser risk of throm- 
boembolism or intolerance to warfarin treatment than 
in adults, but neither is there evidence of a greater 
risk. 

Repair versus replacements: The preceding dis- . 
cussion of the real and potential limitations of valve. 
prostheses, especially when placed in children, serves 
to emphasize the desirability and necessity to resort to. 
valve replacement only when reasonable hope for repair 
or reconstruction is lacking. The undesirability of re- 
operation for failed repair, a lack of self-confidence on 
the part of the surgeon in his ability to restore adequate — 
function of the valve, and the limited opportunity for 
most surgeons to acquire the experienced judgment S 
necessary for consistent success all work to cause most. 
of us to “lose our nerve" too often during operation, and - 
thus to abandon, perhaps prematurely, the effort to save — 
the natural valve. An important orientation favoring. - 
reconstruction is provided by the realization that valve 
replacement does not provide the optimal result and _ 
that, in a sense, when used it always provides a second 7 
best outcome. a eee 

Thus, in congenital aortic stenosis, a moderate : g- 
sidual stenosis with avoidance of regurgitation is pre 
erable to valve replacement. In aortic regurgitation as- 
sociated with ventricular cen defect, a recon- " 














ae disease, peran p because of of the | les ise 





ae Frequency in Series (%) 
(n = 468 patients*") 


trioventricular; VSD - ventricular septal defect. 


the right side of the heart; even Ebstein's malfor- 

iàtion is frequently amenable to effective repair.*! 

. Thus, it behooves each surgeon to study, observe and 

practice these various "artistic" and “judgmental” 

.. techniques and to improve his determination and self- 
; onfidence i in their usage. 


Extracardiac conduits 


Ate the rapid development of techniques for in- 
tracardiac repair of congenital cardiac anomalies such 
- as closure of septal defects, resection of obstructions and 
- repair or replacement of valves, a sizable list of condi- 
. tions remained that seemed to defy repair because there 
.. was inadequate space within the heart for rechanneling 
- blood flow. The inevitable solution was the use of an 
_ extracardiac channel or conduit for this purpose. The 
- first extracardiac conduits used in the pulmonary side 
of the heart were placed to correct pulmonary atresia 
- and either did not have*? or had? a “pulmonary” valve 
incorporated within them. Thereafter, this approach 
__ was applied to the repair of truncus arteriosus, and then 
to repair of transposition of the great arteries associated 

entricular septal defect and pulmonary stenosis 
stelli operation*), and still other conditions 
IID. Excellent late results have been obtained 
‘vivors of operations to relieve these otherwise 
perate conditions (Fig. 5). 
"ven preceding this use of conduits for right heart 
onstruction, early experience had begun with the 
icardiac conduit to bypass left ventricular outflow 
obstruction.*^ Such extracardiac conduits, like 
etic valves, may be constructed from synthetic 
rials or biologic tissues or a combination of the two. 
wo principally used types have been the aortic 
graft conduit or a conduit of crimped Dacron? 


' aortic homograft conduit: When a valve is 
'ed desirable in the homograft conduit, the graft 
Io cadaver- ascending aorta and integral aortic 

‘homograft conduit has the disadvantage of 


ailability, being dependent on access of an | : 
€ ly Sized. freshi. tadaver immediately at the " 


Truncus arteriosis (N=88} us M —— 


4 6 6 7 
Years from surgery. 


FIGURE 5. Late actuarial survival data of patients surv ng 
truncus arteriosus or pulmonary atresia utilizing a. valved extracardie 


time of operation or the requirement for storage of th 
graft for an indefinite time. The method of preservation 
storage and sterilization of such grafts appears to hav 
an important bearing on their rate of calcification and 
degeneration; the preferred method is to store the fresh. 
graft for a limited period (a few weeks) in an antibioti 
solution. Although calcification in the wall of the ho 
mograft aorta develops in most patients within a few 
years even with this method, early results (t 10 years) 
indicate that the valve cusps are only minimally in 
volved and the need for reoperation is negligible.46 I 
contrast, grafts preserved by freezing and irradiatio: 
very frequently need replacement.*? Thus Saravalli et. 
al.*6 found no instances of severe graft calcification i 
the 28 patients of Ross followed up to 10 years afte 
"fresh" homograft conduit insertion, whereas thi 
freezing and irradiation of the graft, utilized by ou 
group*’ resulted in replacement of the great majorit 
of conduits because of progressive calcific obstruction 
Fortunately, replacement of an extracardiac cont 
seems to be well tolerated by the patient, presuma 
because, like coronary arterial bypass grafting, 
basically an extracardiac operation. In 60 such r 
ations,*5 the hospital mortality rate was only 3 pe 
In summary, the homograft aortic conduit w 
tegral valve remains an apparently excel n 
when conditions are appropriate for main 
adequate supply of such fresh grafts. — . 

Crimped Dacron-porcine aortic va 
Because Dacron has proved valuable in cardio 
reconstructive procedures during a vast and e 
application, and because the glutaraldehyde-pres 
porcine aortic valve held such promise for exten: 
dependable function, the combination of the two in 
a readily available composite conduit was widely a 
cepted asa T solution to this €: Also; 3 
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most  üperationa osea et for an ex- 
cardiac conduit, extracorporeal circulation, and 
hence systemic heparinization, is required. Obviously, 
any extracardiac conduit must be essentially hemostatic 
in uch a circumstance, because postrepair hemorrhage 
is so difficult to control in these demanding procedures. 
is, an essentially nonporous construction of the 
Dacron conduit seems inescapable. It is postulated*? 
that herein lies the basis for a peculiar progressive ex- 
uberance of the inner lining of the Dacron conduit that 
has led to severe obstruction of a significant number of 
them in our clinical experience (Fig. 6). 

Obstruction of Dacron-porcine valve conduit: As 
with all synthetic grafts, a layer of fibrin is soon de- 
posited on the luminal surface of the tubular graft which 
ien undergoes progressive maturation to form a 
_pseudointima. This lining ideally becomes fixed in po- 
tion by ingrowth of fibroblasts and capillaries through 
je interstices of the graft. However, in the case of an 
ssentially i impervious graft such ingrowth is blocked. 
tudies of obstructed "conduits by Agarwal et al.*? 
showed that this progressive thickening of the inner 
ning or peel that caused the obstruction developed at 
the interface of peel with Dacron rather than at the in- 
terface of peel with the luminal bloodstream. The lu- 
inal portion of the peel was more mature, whereas the 
outer or Dacron adjacent portion showed fresh hemor- 


i nes already. E- 


udis in ; localized ‘Aisiections of peel from Dacron. . 
These would then progressively coalesce in some con- 
duits, but in any case, thrombus was repeatedly de- 
posited, organized and collagenized, thus thickening the 
peel while forcing it progressively more centrally to 
encroach upon the lumen. 

At the time of their study, Agarwal et al.49 reported. 
that 13 (4 percent) porcine-valved extracardiac conduits 
had to be replaced because stenosis had developed in 
the conduit. The duration of conduit implantation had 
ranged from 27 to 79 months (mean 50). The site of 
major stenosis affected the valve alone in five (38 per- 
cent), the Dacron tubular graft alone in four (31 per- 
cent) and both the valve and the Dacron graft in another . 
four patients. Thus obstruction of the same type as that 
found in porcine valve grafts other than in a conduit was 
encountered in 9 (69 percent) of the 13 conduits. Ob- 
struction due to a thickened peel was encountered in 
nine patients; in two patients this involved only the 
portion of the conduit proximal to the valve, in three 
only the portion distal to the valve, and in the remaining 
three both proximal and distal portions. | 

Possible improvements in Dacron conduit: The 
possibilities for improving extracardiac conduits in an 
effort to minimize late adverse changes in them are 
somewhat limited. Because tissue valves tend to calcify 
early when placed in children, consideration has been 
given to the use of a synthetic valve within the conduit; 
this approach has had little application and was aban- 
doned by those who gave it trial?" Presumably, the 
enhanced propensity for thrombus formation in this. 
totally synthetic environment and the adverse effects 


FIGURE 6. Conduit obstruction by proliferative 
luminal fibrous peel. The conduit, which was: 

a T-graft (with proximal [Prox] portion and right 
[R] and left [L] distal side branches), has. 
complete obstruction of the normal lumen of 
the right branch with development of a false B 


Defect in proximal peel (arrows) leads to E 


pee! throughout. Defect in proximal peel 
(arrow) leads to thrombus (Thr) whereas defect. 
) les 3 





channel to the right pulmonary artery by way 
of fenestration in the peel. a, proximal peel 
separated from conduit by thrombus (Thr) 


thrombus. b, anterior half of conduit removed 
(except over porcine valve! revealing fibrous __ 










synthetic valve. 







i many y patients having a well developed and 
cted pulmonary arterial tree, just as most pa- 
ndergoing repair of tetralogy of Fallot do not 
e insertion of a prosthetic pulmonary valve even 
gh their native valve is destroyed during the repair.! 
ever, experience with such nonvalve conduits is still 
d. Furthermore, the phenomenon of progressive 
( ening of the peel lining the Dacron conduit would 
pose a threat of late stenosis even in the absence of a 
contained valve. Investigation is being given to the 
_ possibility of developing a Dacron graft that is porous 
^. to allow ultimate attachment of the pseudointima 
n through the interstices of the graft but which is made 

- to be nonporous transiently in order to promote ade- 
.. quate postoperative hemostasis. 
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Conclusions 


Por the patient with a congenital heart defect, the 
hope. for restoration or attainment of health and lon- 
. . gevity depends in the majority of instances on the use 
— of prosthetic materials to accomplish surgical repair. 
_. Fortunately, much progress has occurred in the devel- 
opment and application of such materials and devices, 
-in collaboration with engineering disciplines and with 
|». industry. Few adverse long-term effects of patch ma- 
E  terials within or on the heart have been encountered. 
o However, each prosthetic valve still has known limi- 
tations, principally either a propensity to thrombus 
formation (synthetic valves) or a tendency to premature 
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consensus has not been reached. as w 
valve when judged according to the ove 
benefit provided the patient. 2 
The extracardiac conduit AUS has. 
benefits to many patients having an othe 
outlook, but an optimal conduit has no 
veloped. The homograft aorta has distin 
except for its relative unavailability. T 
valve is prone to early calcification and 











































record in limited trial. Probably a ‘valvelses cond 
would be an acceptable alternative in many pat 
having a normal pulmonary arterial tree, but even t. 
the nonporous synthetic tubular graft has shown 80 
risk of progressive obstructive thickening of its in 
lining. 
Clearly, continued surveillance of patients who hav 
had operative management of a congenital heart defe 
is required indefinitely, especially if prosthetic materia 
have been employed. Prevention of infective endocai 
ditis, detection of malfunction of a prosthetic valve c 
extracardiac conduit, and, where indicated, caref | 
maintenance of constantly therapeutic levels of an 
coagulation are the principal concerns relating to th 
long-term effects of synthetic materials used in cardie 
operations. An awareness of the known limitations | 
such prosthetic devices is helpful in planning the pro 
tocol for surveillance of patients and a rationale for the 
management. 
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Clinical Problems of Postoperative Pulmonary 
Vascular Disease 


WILLIAM F. FRIEDMAN, MD The younger the patient with a large left to right shunt at the time of op- 
MIRIAM F. HEIFERMAN, MD eration, the greater the likelihood that pulmonary vascular resistance will 
fall to normal thereafter. In older patients, the degree to which the pul- 
monary vascular resistance is elevated before operation is a critical factor 
determining operability and prognosis. Patients at particularly high risk 
for the development of significant pulmonary vascular obstruction early 
in life are those with certain forms of cyanotic congenital heart disease, 
such as complete transposition of the great arteries with ventricular septal 
defect and patent ductus arteriosus, and truncus arteriosus. Other con- 
ditions in which pulmonary vascular obstruction appears to progress 
rapidly include large ventricular septal defect, complete atrioventricular 
canal defect and left to right shunt lesions in an environment of high alti- 
tude or associated with unilateral pulmonary arterial absence or the 
Down's syndrome. In this report the framework is reviewed for recognizing 
that important pre- and postnatal modifiers of the pulmonary vascular bed 
may be lesion-dependent. Thus, the growth and development of the pul- 
monary vascular bed during fetal and early postnatal life, as well as the 
morphologic alterations described in detail by Heath and Edwards, are 
likely to determine the ultimate intensity and magnitude of pulmonary 
vascular obstruction. Commentary is also provided concerning the 
management of patients with high pulmonary vascular resistance during _ 
pregnancy and delivery, their response to exercise, and the possibility 
of medical treatment designed to reduce pulmonary vascular resistance, 
and perhaps prolong life and enhance its quality. 


* Los Angeles, California 


Pulmonary hypertension is a common accompaniment of many con- 
genital cardiac lesions, and the status of the pulmonary vascular bed is 
often the principal determinant of the clinical manifestations, the course 
and the feasibility of surgical treatment. Increases in pulmonary arterial - 
pressure result from elevation of either or both pulmonary blood flow | 
and resistance, the latter due sometimes to an increase in vascular tone, 4 
but usually the result of obstructive, obliterative structural changes 
within the pulmonary vascular bed. Fortunately, progressively fewer 
patients with congenital heart disease are unsuitable for surgical repair 
because cardiovascular surgery is now so sophisticated that only a few _ 
isolated or combined malformations remain physiologically or anato- _ 
mically uncorrectable. Moreover, there has been remarkable progress 
in surgical techniques for infants and very young children as well as 
enhanced awareness of the need to operate early on patients with po- 


From The Department of Pediatrics, Division of tential pulmonary vascular obstructive disease. These developments 
Pediatric Cardiology, University of California at Los continue to reduce the number of older children and adults whose pul- 
Angeles Center for the Health Sciences and | baiructive di ib th f del d 
School of Medicine, Los Angeles, California. monary vascular obstructive disease is the consequence of delayed op- 
Manuscript received September 23, 1981, ac- eration or progression of pulmonary vascular obstruction even after 
cepted November 21, 1981. complete closure of the defect in early childhood. 
Address for reprints: William F. Friedman, MD, t N 

J. H. Nicholson Professor of Pediatric Cardiology, Increased Pulmonary Vascular Resistance Postoperatively 
Chairman, Department of Pediatrics, Universi : > . 

of California pe Angeles Center for the ipi Published data on pulmonary hemodynamics after surgery in patients 
Sciences, Los Angeles, California 90024. with a left to right shunt and pulmonary hypertension have dealt almost 


rae ae aa ee S September 1982 The American Journal of CARDIOLOGY Volume 56 R24 


M. UEM CU ee E unm ? "3 t-z 


€ yt " 
A PN 


POSTOPERATIVE - 


exclusively with subjects operated on for an isolated 
ventricular or aortopulmonary shunt lesion!-6 and have 
documented the long-term course of postoperative pa- 
tients with elevated pulmonary vascular resistance. It 
is not the purpose of this report to duplicate the efforts 
of past reviewers. 
It appears that the younger the patient with a large 
left to right shunt at the time of operation, the greater 
the likelihood that pulmonary vascular resistance will 
- decrease to normal thereafter.!~ In older patients, the 
_ degree to which pulmonary vascular resistance is ele- 
- vated before operation is a critical factor determining 
 operability and prognosis. If the pulmonary vascular 
"resistance is one third or less of the systemic value, 
_ progressive pulmonary vascular disease after operation 
_ is unusual. However, if pulmonary vascular resistance 
(ds moderately to severely increased postoperatively, 
- either no regression or even a progression of pulmonary 
- vascular disease is common postoperatively.!-? More- 
over, the presence of increased pulmonary vascular re- 
_ sistance results in a higher immediate postoperative 
- mortality rate.?-9 Thus, the proper management of the 
patient with pulmonary hypertension requires pre- 
- vention, rather than treatment, of pulmonary vascular 
. disease. 


The Long-Term Postoperative Patient 


Features in the Adult 


- The clinical expression of persistent or progressive 
» pulmonary vascular obstruction in the postoperative 
_ patient appears to be the same as that in the patient 
_ who has not undergone operation. Paul Wood's com- 
prehensive descriptions in 1958 of patients with the 
— Eisenmenger syndrome’ continue to be the classic 
- studies of the consequences in adults of pulmonary 
- vascular obstructive disease. The symptoms include, 
. most notably, effort intolerance, angina pectoris, syn- 
. cope, hemoptysis, pulmonary infarction and right heart 
- failure. Sudden death, and perhaps cardiac arrhyth- 
. mias, are relatively common in the postoperative patient 
- with preexisting or advanced pulmonary vascular ob- 
— struction. At this latter stage only symptomatic treat- 
- ment is available regardless of the original underlying 
- cardiac lesion or the nature of the surgical procedure. 


. Management 


Recent studies in patients with high pulmonary 
- vascular resistance have focused on management during 
- pregnancy and delivery, the response to exercise and the 
— possibility of medical treatment designed to reduce the 
pulmonary vascular resistance and perhaps prolong life 
— and enhance its quality. Each of these areas deserves 
- brief comment. 
— Pregnancy and sexual counseling: Pregnant 
= women with pulmonary vascular obstruction, whether 
. pre- or postoperative, are at risk of dying during delivery 
- orin the immediate postpartum period.?-!! The cause 
of the increased mortality is poorly understood, a fact 
that probably accounts for the debate on the advis- 
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ability of cesarean section versus vaginal delivery. T'he 
factors considered include the work of labor and uterine 
contractions, as well as sudden changes in blood volume 
and systemic blood pressure. Unfortunately, their in- 
fluence on pulmonary hemodynamics has not been 
completely studied. Among women with pulmonary 
hypertension, a remarkably high mortality rate has been 
reported for those undergoing cesarean section,?-1! al- 
though it is reasoned that such surgery should cause less 
cardiovascular stress than that caused by labor and 
vaginal delivery. Irrespective of approach to delivery, 
some simple guidelines include both continuous ad- 
ministration of oxygen and avoidance of inhalant an- 
esthetic agents. Serial arterial blood gases and, if pos- 
sible, pulmonary arterial and systemic blood pressure 
should be monitored throughout delivery and the early 
postpartum period.!?.1? 

Some physicians advise early therapeutic abortion 
in patients with pulmonary vascular obstruction be- 
cause of the perceived risks of pregnancy. These women 
should receive counseling on birth control. Intrauterine 
devices should be avoided because of the risks of 
bleeding and infection. Oral contraceptive agents are 
contraindicated because of the tendency to pulmonary 
vascular thrombosis.7:14!^ Use of the diaphragm with 
contraceptive jelly or of the condom by her partner is 
safer for the woman with postoperative pulmonary 
hypertension. Prevention of pregnancy is safer for her 
than is management during pregnancy, labor, delivery 
and the postpartum period. 

Exercise: Several investigations^!9-1? suggest that 
the postoperative patient with pulmonary vascular 
obstruction may have an impaired response to exercise; 
the implication is that such patients should avoid sus- 
tained, vigorous physical exercise and isometric exercise. 
The extent is not yet known to which impaired exercise 
responses reflect, singly or in combination, the influence 
of ventriculotomy or myocardial dysfunction, persistent 
pathologic changes in the pulmonary arteriolar bed or 
an alteration in the vascular reactivity of pulmonary 
resistance vessels. Hemodynamic measurements during 
exercise?!8? suggest that some patients exhibit a low 
cardiac output and increased pulmonary arterial pres- 
sure with or without elevated left ventricular filling 
pressures. So much progress has recently been made in 
the sophisticated analysis of the cardiocirculatory ad- 
aptations to exercise that it is likely that additional 
information will be forthcoming on the effects of exer- 
cise in patients with pulmonary vascular obstructive 
disease. 

Vasodilator treatment: Of interest are the recent 
case studies?9-25 reporting salutary effects of vasodila- 
tors in persons with primary pulmonary hypertension. 
Thus, the demonstration that the pulmonary vascular 
bed in such patients may dilate in response to orally 
administered vasodilators raises questions about the 
management of the postoperative patient with pulmo- 
nary vascular obstruction and the possibility of altering 
prognoses pharmacologically. To our knowledge, there 
are no reports of attempts to treat the patient with 
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postoperative pulmonary hypertension with long-term 
use of vasodilating drugs. One would hope that such 
efforts will occur within the framework of carefully 
controlled clinical investigational trials that will study 
pulmonary and systemic arterial pressures at rest and 
on exercise, acutely as well as during long-term 
therapy. 

Among the pharmacologic agents of interest are 
diazoxide and hydralazine. Each is also a potent sys- 
temic antihypertensive drug and has been shown ef- 
fective in reducing pulmonary arteriolar resistance and 
in increasing cardiac output without altering systemic 
blood pressure.??.23 These beneficial actions were ob- 
served at rest. When the effects of hydralazine were 
studied during exercise, hemodynamic improvement 
persisted. Other drugs have been administered on a 
long-term basis in attempts to achieve a reduction in 
pulmonary vascular resistance. These include phento- 
lamine,”! sublingual isoproterenol,” prostacyclin” and 
the calcium channel blocking drug, nifedipine.?4 
Questions abound, including which vasodilator agents 
may be both effective and sustained in action. Of 
greatest interest is the possibility that the ultimate 
outcome may be changed favorably. It is also possible 
that prostacyclin”? or other drugs altering prostaglandin 
metabolism may emerge to be used with or without 
vasodilators, in order to alter local platelet aggregation 
and thereby prevent or reduce anatomic changes in the 
walls of small pulmonary arteries. Perhaps a relation 
exists between clinical benefit and the age of the patient 
at the time drug treatment begins. Answers to these 
questions will be difficult to obtain, especially because 
the course of pulmonary vascular obstruction is so 
variable in different patients. Nonetheless, because the 
risk/benefit ratio is favorable, investigators from several 
institutions might consider collaborative study of the 
problem. 


The Pulmonary Circulation in 
Congenital Heart Disease 


The causes of pulmonary vascular obstructive disease 
remain unknown, although increased pulmonary blood 
flow, increased pulmonary arterial blood pressure, el- 
evated pulmonary venous pressure, polycythemia, 
systemic hypoxia, acidemia and the nature of the 
bronchial circulation have all been implicated. There 
are many patients with pulmonary vascular obstruction 
whose cardiac anomaly places them at particular risk 
quite early in life, precluding survival to adulthood. 
Patients at particularly high risk for the development 
of significant pulmonary vascular obstruction are those 
with certain forms of cyanotic congenital heart disease, 
such as complete transposition of the great arteries with 
or without ventricular septal defect or patent ductus 
arteriosus, single ventricle without pulmonary stenosis, 
double outlet right ventricle and truncus arteriosus.26-82 
Other conditions in which pulmonary vascular ob- 
struction appears to progress rapidly include large 
ventricular septal defect, as well as the less common 
conditions of unilateral pulmonary arterial absence,?? 


4 


congenital left to right shunts in an environment of high 


: i 


. . ae . ) 
altitude?! or in association with Down's syndrome of 
trisomy 21,7596 and complete atrioventricular canal - 


defects," even unassociated with a chromosomal 
anomaly. 
Developmental Concepts 


Morphometric approach: Most vexing is the vari- 
ability among patients whose cardiac lesions have the 


same or a similar time of appearance and rate of pro- — 
gression of the pulmonary vascular obstructive process. | 


Although genetic influences may be operative (witness 
the apparent acceleration of pulmonary vascular disease 
in patients with congenital heart disease and trisomy 
21), evidence is now accumulating for important pre- 
and postnatal modifiers of the pulmonary vascular bed 


that appear, at least in part, to be lesion-dependent. - 
Thus, Reid and her colleagues?5-^! have clearly placed 


in a developmental context the concept of a quantitative 
variability in the pulmonary vascular bed related to the 
number, not just the size and wall structure, of arterial 
vessels within the pulmonary circulation. 


The suggestion is appealing that modeling of the - 


blood vessels proximal to and within terminal bron- 
chioles (pre- and intra-acinar vessels, respectively) oc- 
curs continuously from before birth. The intra-acinar 
vessels, in particular, increase in size and number from 
late fetal life throughout childhood with minimal 
muscularization of their walls. The ensuing increase in 
the cross-sectional area of the pulmonary arterial cir- 
culation allows the cardiac output to rise substantially 
without an increase in pulmonary arterial pressure or 
resistance. If, however, the presence of a cardiac lesion 
does not permit these most peripheral arteries to grow 
and multiply normally, the resulting elevation of pul- 
monary vascular resistance may first be related to fail- 


ure of the intra-acinar pulmonary circulation to develop — 
fully, and then secondarily to the morphologic changes - 


of obliterative vascular disease. The latter are repre- 
sented traditionally by the well known grading system 
of Heath and Edwards.*? 

In essence, then, the Reid framework adds another 
dimension—that of the growth and development of the 
pulmonary circulation—to the more traditional view of 
pulmonary vascular obstructive disease occurring as a 
result only of anatomic changes in the pulmonary ar- 
terial vessels caused by larger than normal pulmonary 


blood flow for a few years at a high pressure (large 


ventricular septal defect, for instance) or for many years 


at low pressure (atrial septal defect, for example). An- _ 


atomic changes include medial thickening, intimal 
proliferation, hyalinization and fibrosis and angioma- 
toid and plexiform lesions and, ultimately, arterial ne- 
crosis. 42 


Assessing the Severity of Pulmonary 
Vascular Disease 


Hemodynamic studies: The value of an additional 
diagnostic aid in evaluating the pulmonary circula- 
tion—that is, the morphometric analysis proposed by 
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Saad and co-workers—becomes clear when we consider 
the difficulties with the less invasive and more tradi- 
tional methods of assessing the severity of pulmonary 
vascular obstructive disease. Clinical, electrocardio- 
graphic and echocardiographic findings do not always 
distinguish between reversible and irreversible eleva- 
tions in pulmonary vascular resistance*?; direct hemo- 
| dynamic measurements at cardiac catheterization re- 
main the mainstay in assessing the pulmonary vascular 
bed and its reactivity. The premium on accuracy is high, 
stes pulmonary vascular obstructive disease may 
- be the factor that determines the advisability of oper- 
- ation. Thus, surgery must be refused patients with se- 
: vere and fixed pulmonary vascular obstruction, even if 
the cardiac defect is anatomically correctable, because 
jt is now quite clear that such patients either do not 
; survive operation or, if they do, are not benefited clin- 
“ically and, indeed, are often harmed. 
| The aim of hemodynamic study is to quantify and 
| compare the pulmonary and systemic flows and re- 
sistance in patients with pulmonary hypertension. 
- Because resistance to pulmonary blood flow cannot be 
"measured directly, it is calculated from the ratio of 
: - pressure gradient to flow across the pulmonary bed 
; according to Poiseuille’s equation, which refers specif- 
ically to steady flow of a Newtonian fluid through 
straight, rigid tubes. Hoffman^^ has discussed com- 
 prehensively the potential errors in applying the 
equation, apd the further errors inherent in the methods 
of measurement that are now available. Moreover, it is 
not possible in every patient to enter the pulmonary 
artery directly at cardiac catheterization, pulmonary 
venous wedge pressure measurements are not always 
- reliable (better with the wedge of a flotation catheter), 
- and the moment sampled by the hemodynamic evalu- 
i ation may not be representative of the more general 
- state of the pulmonary circulation. Nonetheless, for 
- most practical purposes, an index of pulmonary vascular 
resistance can be determined from measurements of 
_ pulmonary and systemic arterial pressures and calcu- 
e lations of flows. One can estimate whether adminis- 
- tration of drugs or oxygen reduces the pulmonary vas- 
Pilar resistance, thus suggesting that it is not fixed and 
i may therefore decrease after successful operation. Of 
. course, an increase in pulmonary blood flow or a re- 
- duction in pressure in response to oxygen inhalation or 
É the injection of a pulmonary vasodilator such as tola- 
- zoline does not exclude pulmonary vascular disease. 
. While encouraging, it suggests only that potentially 
- reversible vasoconstriction has contributed to the high 
bP resistance. 
—» Newer approaches: For all of these reasons, newer 
n approaches have been recommended to study the 
i ‘morphology of the small pulmonary arteries in patients 
- with pulmonary hypertension. One such approach is the 
. use of high definition, magnification pulmonary wedge 
= angiography to determine the presence and extent of 
— obstructive pulmonary vascular changes in patients 
- with congenital heart disease. Two recent studies ^46 
— suggest that the pulmonary wedge angiogram, assessed 
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quantitatively, correlates well both with hemodynamic 
findings and with histologic examinations of the 
structural state of the peripheral pulmonary vascular 
bed. 

Of practical interest are the current efforts to apply 
the structural analysis suggested by Reid and co- 
workers®®*! to the important clinical problem of 
identifying for operation candidates who may be ex- 
pected to show normalization of pulmonary hemody- 
namics without future impairment in the pulmonary 
vascular bed. To this end Rabinovitch et al.*7 proposed 
the use of lung biopsy at the time of surgery in patients 
with equivocal catheterization data and complicated 
cardiac lesions to determine whether to undertake a 
corrective or palliative operation in which the critical 
determinant is the state of the pulmonary vascular bed 
or the potential reversibility of elevations in pulmonary 
vascular resistance, or both. 


Optimal Timing of Operation 


Decisions about the optimal timing of operations are 
often difficult because of the varying rates of develop- 
ment of pulmonary vascular disease in different patients 
with the same anomaly, and because the evaluation of 
pulmonary vascular resistance in the cardiac catheter- 
ization laboratory i is less than a perfect science. The 
notion of using lung biopsy preoperatively with appli- 
cation of the usual Heath-Edwards criteria has enjoyed 
little popularity, ?^ especially because of sampling 
problems that may result from the scatter of different 
grades of lesions throughout the lungs, and also because 
advanced changes may take several years to develop, 
whereas operation should have been recommended 
earlier for the most perfect outcome. Thus, it would be 
immensely attractive if another approach were identi- 
fied that would obviate these problems. In this regard, 
the application of Reid's concepts to the problem holds 
great promise, because the changes in pulmonary vessel 
morphology that she and her co-workers describe are 
located more uniformly throughout the lungs and, fur- 
ther, lend themselves to quantification. * 

Role of lung biopsy findings in surgical decision 
making: Three abnormalities have been identified by 
Reid et al.25-49 as markers of change in pulmonary 
vascular resistance. These are: (1) an excessive and 
premature extension of vascular smooth muscle to 
intra-acinar pulmonary arteries, (2) a failure of pre- 
acinar arterial wall thickness to regress normally, and 
(3) a failure of pulmonary arteries to grow and prolif- 
erate normally with advancing age. Thus far, morpho- 
logic observations using this approach have correlated 
quite well with hemodynamic findings, and Rabinovitch 
and Reid^? and their co-workers have suggested that 
frozen-section lung biopsy may importantly influence 
a decision to perform either corrective or palliative 
operation in selected clinical settings. Thus, the tech- 
nique has proved useful in patients with a univentric- 
ular heart or tricuspid atresia, or both, who are candi- 
dates for the Fontan atriopulmonary connection, ^? and 
in patients with a lesion with a particular predilection 
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for rapidly advancing pulmonary vascular disease early 
in life, such as transposition of great arteries, common 
atrioventricular canal or large ventricular septal de- 
fect.^9^7 Of great interest will be follow-up studies, not 
only of hemodynamics in a research protocol on well 
selected and carefully studied patients, but also of lung 
biopsy to test the ultimate predictive accuracy of the 
frozen-section approach. 

In addition, significant insights have occurred by 
applying the Reid approach to the analysis of various 
other congenital cardiac malformations. Thus, exces- 
sive muscularization of normal and nonmuscular 
intra-acinar vessels and variations in the number of such 
vessels has been observed at, or shortly after, birth in 
infants with the hypoplastic left heart syndrome, aortic 
stenosis, coarctation of the aorta syndrome and, most 
recently, the syndrome of persistent pulmonary hy- 
pertension of the newborn.4?-?? Similarly, the Reid 
framework of morphologic ante- and postnatal change 
has been applied to develop animal models of the syn- 
drome of persistent pulmonary hypertension in the 
newborn, in which inhibitors of prostaglandin synthesis 
administered during pregnancy simulate in the off- 
spring the findings observed postnatally in human in- 
fants.?? Further, it is not unusual in patients beyond 
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infancy with such lesions as truncus arteriosus, trans- 
position of the great arteries and anomalous pulmonary 
venous connection to find that pulmonary vascular re- 
sistance is higher than expected for the severity and 
magnitude of obliterative changes in the pulmonary 
vascular bed as determined by the Heath-Edwards 
classification. In these situations, the discrepancy may 
well be due to a reduced cross-sectional area of the 
pulmonary vascular bed that resulted from failure of the 
peripheral arteries to grow and multiply normally, even 
before the changes of the obliterative process began. 
Therapeutic implications: These considerations 
suggest that we must continue to define the optimal age 


of operation in patients, so that the highest probability - 


will exist of postoperative normalization of the pulmo- 
nary vascular tree bed. In 1982, almost all congenital 
cardiovascular defects can be repaired in infancy, and 
it is likely that the surgical art will continue to progress, 
so that eventually all patients with lesions associated 
with pulmonary hypertension will be operated on before 
6 months to 2 years of life. The sooner that goal is 
achieved without escalated operative mortality, the 
sooner the incidence of postoperative pulmonary vas- 
cular obstruction will achieve the status of a clinical 
curiosity. 
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Multifilar Linear 
Porous Surface 
Bipolar Leads. 


Five times the 
flex strength of 
conventional leads. 


cordis. 


Cordis Corporation 

Post Office Box 525700 

Miami, Florida 33152-5700, U.S.A 
Telephone 305-551-2000 
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| Only one 
beta-blocker 

provides 
once-a-day 
round-the-cloci 


protection in bo 

angina pectoris 
and 

hypertension. 





CORGARD 
inadolol tablets) 


IS THE ONE 


Reliable 24-hour beta blockade 
at all titrated dosages 


® 
SOUIBB 
Innovators in cardiovascular medicine 


See next page for brief summary. 















AIN] JCATIONS: Bronchial asthma, sinus bradycardia and greater shan first 
ee conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WAR? : ‘Cardiac Failure— Sympathetic stimulation may be a vital component sup- 
rting circulatory function in congestive heart failure, and its inhibition by beta- 

blockade may precipitate more severe failure. Although beta-blockers should be avoided 
in Overt congestive heart failure, if necessary, they can be used with caution in patients 
with a history of failure who are well-compensated, usually with digitalis and diuretics. 
Reta-a blocking agents de not abolish the inotropic action of digitalis on heart 
muscle IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued 
use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
symptom of heart art fius digitalize and/or give diuretics, and closely observe response, 
or discontinue nadolol (gradually i? possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity. to catecholamines has been observed in patients withdrawn from 
| beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
1 have occurred after abrupt discontinuation of such therapy. When ren e AE chronic 
j use cf nadolol, particularly in patients with ischemic heart disease , gradually reduce 
dosage over a.1- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol grompry (at least temporarily) and take other measures appropriate for 
n of unstable angina if angina markedly worsens or acute coronary in- 
uf fic ‘develops. Warn patients not to interrupt or discontinue therapy without 
phosician s s advice. Because coronary artery disease is common and may be 
unrecognized, it- may be epis not to discontinue nadolol therapy abruptly even 
in patients treated J only f or hypertension. 
erm allergic Bronchospasm (e.g... chronic bronchitis, emphysema) — PATIENTS WITH 
OSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
BLOCKERS. ‘Administer nadolol with caution since it may block bronchodilation pro- 
duced by endogenous or exogenous catecholamine stimulation of beta; receptors. 

Major Surgery — Because beta blockade impairs the ability of the heart to respond te 
eee of general anesthesia and surgical procedures, 


































































n or low cardiac output, it has gaea been sug- - 





| ing agents. 
abetes an he arenero Hlockide may prevent the appearance 
itor signs and symptonas (e.g., tachycardia and blood pressure changes) of 

(cemia. This is especially important with labile diabetics. Beta-blockade alse 


insulin in n response to hyperglycemia; therefore, it may be necessary to 


2 drenergic blockade may mask certain clinical signs (e.g., 
hyroidism. To avoid abrupt withdrawal of beta-adrenergic 
precipitate a thyroid storm, carefully manage patients. suspected 


od Hepatic or Renai Function — Use nadolol with caution in 


A ts — Warn patients, especially those with evidence of coronary 

ainst interruption or agri of nadolol without physician's 

ac failure rarely occurs in properly selected patients, advise 
oe blocking agents to consult physician at first 


amine dep eting drugs (e.g., reserpine) may have an 
ta-blocking agents. When treating patients with 

pietii agent, carefully observe for evidence of hypoten- 
ia which may produce vertigo, syncope, er posu 


Fertility — In 1 to 2 years oal 
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nadolol tablets 


40 mg, 80 mg, 120 mg, 160 mg scored tablets 


lol did not nd significant toxic : 





greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poli 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies e 
potential risk to the fetus. " 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Becaus 
many drugs are excreted in human milk, exercise caution when nadolol is administered to : 
nursing woman. Animal studies showed that nadolol is found in the milk aPlictating. rats 

Pediatric Use — Safety and effectiveness in children have not been established 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular -— Bradycardia with heart rates of less than 60 beats per minute occur 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms o£ peripheral vascular insufficiency, usualk 
of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm conduction disturbances have each each occurred in about. 1 of 1(X 
patients, Single instances of first degree and third degree heart block have been reported 
intensification of AV block is a known effect of beta-blockers (see also: CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS), Central Nervous System -— — ~ 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in | 
to § of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 

sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with - 
practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta: 
adrenergic blocking agents have not been reported with nadolol, they should be considere 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensoriur decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. 
Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress 
Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis 
In addition to gastric lavage, employ the following measures as appropriate. In deter- - 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1 0 mg. If there is no respons 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that a eucagon may also be useful in this situation. — 
— Administer vasopressors, e.g ~ epinephrine or levarterenol. (There is 
Prides that epinephrine may be the drug of Sois, EE 
: Bronchospasm — Administer a beta; stimulating agent and/ora theophylline 
erivative. 


DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED, > 

ni pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 my 
increments at FA to 7. day intervals until optimum clinical response or pronounced slowin 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond tc 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually over a 
period of 1 to2 weeks (see WARNINGS). 

, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg. 
increments until optimum blood pressure reduction is achieved; usual maintenance. dos 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be 1 tre 

Patients with rena! failure require. adjustment in dosing: interval — see packs 
for dosage in these patients. 

For full (exsibiis information. consult packa einseri. — - E 
HOW SUPPLIED: In scored tablets containing 40, 80, 120. or. 160 mgr ni 
tabletin bottles of 100 and 1000 tablets and in l Jnimatic* unit-dose pe 
Ha 40 mgand 80. mg tablets are. also avai lable is m conveni : 
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Picker International's Cambridge Division 
is proud to announce its new computerized 
OBSERVER™ stress test system. Observer 
offers you an unbeatable combination of 
value and capability. 

It contains all the instrumental capabilities 
you need to perform smooth, error-free stress 
tests. That includes, of course, three and 
twelve lead ECG write-outs, trending of ECG 
and computed values, signal averaging to 
suppress muscle artifact and noise, auto- 
matic programming of treadmill and recorder, 
and more. 

Beyond that, OBSERVER introduces new 
and unique features that further enhance its 
value and capability. For example, real-time 


| intern tional. 
The Source for 
Stress Test Systems. 








cursor controls enable the physician to set 
and reposition the ST measurement point 
with ease and accuracy. Or even measure 
ST level and slope instantaneously at sev- 
eral points, while the test is in progress. 

OBSERVER is a great value as well. 
Through sound, double-duty design deci- 
sions, Picker International can offer you a 
fully capable system priced substantially be- 
low competitive offerings. All of which con- 
tinues to make us the prime source for stress 
test systems. 

Write or call: 
Cambridge Medical Instruments Division, 
Picker International, Inc., 73 Spring Street, 
Ossining, NY 10562. Tel: (914) 941-8100. 








BASIC THERAPY FOR THE 
PREVENTION OF ANGINA PECTORIS 


An up-to-the-mínute report 
on antianginal agents currently available... 
and how they are most appropriately employed 





Reports from 
“Step-Care 
Therapy for 
Ischemic Heart 
Disease’ 


A special symposium preced- 
ing the annual meeting of the 
American College of Cardiology, 
April 24, 1982 


Synopsis of the 
Symposium 


Why step-care therapy? 
Agents used in the control of 
myocardial ischemia generally 
act both to reduce myocardial 
oxygen demands and to in- 
crease myocardial oxygen sup- 
ply, but possess the two 
properties in varying degrees. Of 
the agents currently available, the ni- 
trates appear to be best suited for the 
treatment of both these aspects of 
angina pectoris. In fact, both effort 
angina— myocardial ischemia usually 
ascribed to an increased myocardial 
oxygen demand—and angina at 
rest—usually ascribed to an inade- 
quate supply of oxygen—often re- 
spond well to this group of drugs. The 
nitrates are potent vasodilators, exert- 
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ing a pronounced effect on venous 
circulation (capacitance vessels) as 
well as an effect on arterial circulation 
(resistance vessels). They are believed 
to act on the "nitrate receptors" in 


vascular smooth-muscle walls to trig- 


ger relaxation. 


Because of their versatility, it is ratio- 
nal to rely on the nitrates as the founda- 


tion on which a therapeutic program 
can be built. Other agents can be 


added to the regimen as required, 
always considering the risk/benefit ra- 


tios of additional therapy. 


When should 
nítrates be 
combined with 
beta blockers? 


Of course angina pectoris can- 
not invariably be brought under 
complete control by nitrate ther- 
apy alone. Therefore, as a sec- 
ond step in the antianginal 
program, it is recommended 
that refractory cases be given a 
beta-blocking agent in addition 
to the existing nitrate regimen. 
Actually the pharmacologic 
action of the nitrates is comple- 
mentary to that of the beta 
blockers: the reflex increase in 
heart rate and contractility asso- 
ciated with the former is blocked 
by the latter. 

The beta blockers are deriva- 
tives of the beta-receptor ago- 
nist, isoproterenol. Since their primary 
effect is to reduce the heart rate at rest 
and in response to exercise, these 
drugs, like the nitrates, may be effec- 
tive in cases of increased oxygen de- 
mand. 
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IVES LABORATORIES INC. 


Dedicated to Improving the Quality of Life Through Medicine? 


Consensus of the Symposium 
Nitrates are basic in step-care therapy for 


ischemic heart disease 


Step 2 

If not controlled: 
Nitrates + 

beta blockers 


Step 1 


Stable or unstable 
angina: Nitrates 





When should 
9 
nítrates be 
9 G 
combined with 
pi 
calcium 
LÀ 
antagonísts? 

In contrast to the beta blockers, the 
recently introduced calcium antago- 
nists have their greatest effect in cases 
of angina in which the myocardial oxy- 
gen supply is diminished by coronary 
vasospasm. Particularly useful in vari- 
ant angina (Prinzmetal's angina), these 
agents act predominantly to reduce 
blood pressure and myocardial-wall 
tension and, through their negative 
inotropic effect, to reduce myocardial 
contractility. 

Nitrates and calcium blockers used 
concurrently may produce a greater 


antianginal effect than either therapy 
alone can provide. 





In angina pectorís..: 


ISORDIL. 


isbasic. : 


Step 3 

If still not controlled 
(or in variant 
angina): Nitrates + 
calcium antagonists 


For certain patients, the failure of 
any medication to provide optimal 


control of symptoms prompts consid- 


eration of surgical intervention. 


The basic antianginal 
agent in these 
basic dosage forms 


ISORDIL® SUBLINGUAL 
Sublingual Tablets, 2.5 mg, 5 mg, 
and 10 mg 

ISORDIL® CHEWABLE 
Chewable Tablets, 10 mg 
ISORDIL® TITRADOSE*: 

Oral Tablets with E.Z. Split® scoring: 
5 mg, 10 mg, 20 mg, and 30 mg 


ISORDIL® TEMBIDS® Capsules 


Sustained-Release Capsules, 40 mg 


The complete Proceedings of the E 
Symposium are available on = 
request from Ives Laboratories. 








New York, NY 10017 


fj 
























*Indications: Based on a review of this 
drug by the National Academy of 
Sciences — National Research Council 
and/or other information, FDA has 
classified the indications as follows: 


"Probably" effective: When taken by the 
sublingual or chewable route, Isordil 
Sublingual and Chewable Tablets are indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 


"Possibly" effective: When taken by the 
oral route, Isordil is indicated for the relief 
of angina pectoris (pain of coronary artery 
disease). It is not intended to abort the 
acute anginal episode, but is widely 
regarded as useful in the prophylactic 
treatment of angina pectoris. 


Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites 
and nitrates during the early days of the acute 
phase of myocardial infarction (the period 
during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross- 


‘tolerance to other nitrites and nitrates may occur 


Adverse Reactions: Cutaneous *asodilation 
with flushing. Headache is common and may 
be severe and persistent. Transient episodes 
of dizziness and weakness as well as other 
signs of cerebral ischemia associated with 
postural hypotension may occasionally 
develop. This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. An occa- 
sional individual exhibits marked sensitivity 
to the hypotensive effects of nitrite, and 
severe responses (nausea, vomiting, weak- 
ness, restlessness, pallor, perspiration and 
collapse) can occur even with the usual thera- 
peutic dose. Alcohol may enhance this effect. 
Drug rash and/or exfoliative dermatitis may 
occasionally occur. 


Consult direction circular before prescribing. 


TEMBIDS* TRADEMARK FOR SUSTAINED-RELEASE CAPSULES 
+US Pat Nos 3883647 and 0224591 (Titradose*) 
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ISOSORBIDE DINITRATE) 


SIEMENS 






ANGIOSKOP 
lakes th 


siemens... 
an investment in diagnostic confidence. 





When you invest in 
angiography equipment, 
there's no need for 
compromise. You can select 
an imaging system designed 
to optimize operator efficiency 
and clinical versatility. The 
ANGIOSKOP overcomes the 
typical limitations of other 
systems. That's why it's the 
"no-compromise' ' system. 
See for yourself. Compare 
the facts and discover the 
ANGIOSKOP advantage. 


A.P./P.A. Studies 


The typical compromise: True a.p. 
projection is not possible. 

The ANGIOSKOP advantage: A 
C-arm system that easily positions 
to a.p. for classic peripheral 
studies including leg arteriography. 
Oblique Studies 

The typical compromise: Restricted 
patient access. 

The ANGIOSKOP advantage: An 
imaging system that doesn't get in 
the way between clinician and 
patient. Our C-arm design 
eliminates the usual hinderances 
and provides easy access. 


Contact Studies 

The typical compromise: Inadequate 
working height. 

The ANGIOSKOP advantage: 
Vertical adjustment of the isocenter 
to maintain an efficient and com- 
fortable working height at all dimes. 


wc 


Cine Studies 


The typical compromise: Limited 
imaging applications. 

The ANGIOSKOP advantage: A 
universal system that is well suited 
for cine technique and adaptable to 
perform all imaging modalities. 


Focal Spot Selection 


The typical compromise: Double 
focus tubes. 

The ANGIOSKOP advantage: A 
unique triple focus tube for full 
range performance, minimizing 
geometric or motion unsharpness. 


X-Ray Generator System 

The typical compromise: Complex 
technique selection. 

The ANGIOSKOP advantage: A new 
special procedure D.C. generator— 
the PANDOROS 1200A. Features 
convenient anatomic program 
selection from a single control 

desk for all modalities. 


out of angiography. 





..And Digital 
Subtraction Angiography 


The ANGIOSKOP allows all 
projection capabilities essential f 
optimum digital subtraction 
angiography. And Siemens offers 
choice of digital imaging system: 
to match your clinical requiremel 


To learn more about how the 
ANGIOSKOP can help uncomplic 
your angiographic procedures, 
contact your local representative 
Siemens Corporation 

Medical Group 

186 Wood Avenue South 

Iselin, NJ 08830 

(201) 321-3400 


In Canada: 

Siemens Electric Limited 
Medical Systems 

P.O. Box 7300 

Pointe Claire, Quebec H9R 4R6 


BiA MEMAN t 


FOR FAST-STARTING 
LONG-LASTING 
ANGINA PROPHYLAXIS 


Unique 
transmucosal 
A delivery’ means 
| unique therapeut 
benefits 
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transmucosal table 


The choice when the need is for 


sublingual potency plus prolonged prophylaxis 


= When angina is predictable and stress is prolonged 
= When frequent use of sublingual nitrates is becoming bothersome 
m When patient is not well controlled on present regime 


Fast onset of action 
confirmed" 


Susadrin acts within minutes as confirmed by 
both invasive and non-invasive measurements 
of bioavailability. 


Increased exercise 
capacity for up to 
5 hours confirmed** 


Well controlled exercise tolerance studies 
confirm that Susadrin increases exercise 
tolerance as soon as 30 minutes and for up to 
5 hours. In one study, 8796 of the exercise test 
periods showed improvement. 


*This drug has been evaluated as "possibly" effective for the prophylaxis, treatment 
and management of angina pectoris 
TThe Synchron System (U.S. Patent 3,870.790) 


References: 

1. Erb, R.: Data on file, Merrell Dow Pharmaceuticals Inc. 2. Reichek, N.: ibid 

3. Reichek, N. et a/.: ibid. 4. Lichstein, E. et al.: ibi. 5. Data on file, Merrell Dow 
Pharmaceuticals Inc 


Patient preference for 
Susadrin confirmed’ 


Patient medication preference 
after one month on Susadrin 
in five completed open trials 


Susadrin 


Oral nitrates 


Sublingual, topical, chewable, others 


Undetermined 





Merrell Dow 


See following page for Brief Summary of Prescribing Information. 
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Sublingual potency plus prolonged prophylaxis 


i TM 
SUSADRIN (nitroglycerin) Transmucosal Tablets 


CAUTION: Federal law prohibits dispensing without prescription. 
Brief Summary 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences— National Research Council and/or 
other information, FDA has classified the indication as follows: 


"Possibly" effective: For the prophylaxis, treatment, and 
management of patients with angina pectoris. 
Final classification of the less-than-effective indication requires 
further investigation. 





CONTRAINDICATIONS: Acute or recent myocardial infarction, 
severe anemia, postural hypotension, and known idiosyncrasy to 
the drug. 

WARNING: Susadrin tablets should be placed under the upper lip 
or in a buccal pouch and permitted to dissolve, and should not be 
chewed or swallowed. 


PRECAUTIONS: The smallest dose needed for effective relief of 
angina pectoris should be used. As with other nitrates, orthostatic 
hypotension may occur, particularly during the initial dose titration 
process if stepwise titration is not observed. Intracranial pressure 
may be increased; therefore, caution is required in administering 
to patients with increased intracranial pressure. Tolerance to this 
drug and cross-tolerance to other organic nitrates may occur. If 
blurring of vision, dryness of mouth, or lack of benefit occurs, the 
drug should be discontinued. 


Only limited data are available on the use of Susadrin during 

sleep; therefore, the benefits of Susadrin should be weighed 

against the possible risk of aspiration during sleep if the drug 
is used. 


ADVERSE REACTIONS: Susadrin appears to have the adverse 
reactions characteristic of the nitrates and which relate to their 
vasodilating actions. Transient headache may be severe and per- 
sistent and may require lowering the dose or discontinuing medi- 
- cation. Vertigo, weakness, palpitation, nausea and vomiting and 
other signs of postural hypotension including syncope may 
develop. Nitroglycerin can act as a physiological antagonist to 
norepinephrine, acetylcholine, and histamine. Alcohol may accen- 
tuate cerebral ischemia symptoms. 


DOSAGE AND ADMINISTRATION: Susadrin (nitroglycerin) is 
available as 1 mg and 2 mg transmucosal tablets. Patients, 

new to Susadrin, should receive a brief discussion of tablet place- 
ment in order to assure maximum effectiveness and comfort. Most 
patients will find it convenient and comfortable to place a tablet 
between the lip and gum above their upper incisors, while some 
will prefer the buccal areas between cheek and gum. Sites may be 
alternated from dose to dose. The tablet should be allowed to dis- 
solve undisturbed. After a few doses, patients will develop favorite 
alternate sites and will readily adapt to the presence of the medi- 
cation. The physical presence of the tablet, as it dissolves, pro- 
vides reassurance of nitrate coverage. 


THE USUAL DOSE IS ONE TABLET TID. (UPON ARISING, AFTER 
LUNCH, AND AFTER THE EVENING MEAL.) 
Patients should be started at 1 mg tid. Dosage should be titrated 
upward, if necessary Dosage may be adjusted as follows: 
If angina occurs while the tablet is in place. increase the dose 
to the next tablet strength. 
If angina occurs between tablet administration when no tablet 
is in place, increase the frequency of dosage to qid. 
Tablet dissolution may be expected to vary from 3 to 5 hours in 
most patients. If continuous nitration is desirable, the next tablet 
should be taken within 1 hour after the previous one dissolves, 
unless clinical response suggests a different regimen. 
Acute Prophylaxis Use: To cover periods of peak activity, place one 
tablet in as directed above, but not more than 1 tablet every 2 hours 
Product Information as of March, 1982 


Manufactured by Forest Laboratories, Inc. 
Inwood, New York 11696, U.S.A. for 


D» 


MERRELL DOW PHARMACEUTICALS INC. 
Subsidiary of The Dow Chemical Company 
Cincinnati, Ohio 45215, U.S.A. 

2-0745 (B-0032) Sept. 1982 PRINTED IN U.S.A. 
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From the publishers 
of the American 
Journal of Medicine 
Jay S. Skyler, M.D., 


| University of Miami 
| School of Medicine 


George F. Cahill, Jr., 
M.D., 
Harvard Medical School and 
Howard Hughes Medical Institute 





60 internationally prominent contributors 


provide in 26 papers a comprehensive overview 
of the current thinking on the causes, 
mechanisms, treatment and complications of 
diabetes. Featured topics include: 


m The causes of diabetic inheritance 

B Mechanisms of diabetes 

B New developments in the treatment of 
diabetes 

B Human insulin produced by recombinant 
DNA technology 


If it is important to you in your practice to stay 
up-to-date on the latest developments in 
Diabetes Mellitus and you need a quick 


reference on the topic, then this is the book 
for you. 


(clothbound) $29.50 (paperbound) $19.50 


Yorke Medical Books 


Box C-757, Brooklyn, New York 11205 AJCI2 

Please rush me: 

O copy(s) of Diabetes Mellitus in hardbound 
($29.50) softbound ($19.50) 


(Add $5.00 for orders outside the U.S. and Canada) 
(] Enclosed is my check for 
Yorke pays postage and handling. 
(] Please bill me plus postage anc handling 
(U.S. and Canadian residents on y) 
O Please bill my .—  / A Visa 
Card No. 
Exp. Date 


Master Card 


M/C Interbank No. 


NAME 





ADDRESS 


CITY 
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TELECTROMICS 


Tne | eadérs-in 
DDD Pacing : 


Present. 


Multi-Modality 
DDD Pacing 


The ideal response 
to the widest range 
of clinical conditions, 
and the closest 
approximation to 
true physiological 
pacing... 

IS NOW 

a reality. 


Investigational Device: Not for 
general distribution. 
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THE ALPHA 
UNIVERSE 


1S the Catapres: universe of 
central alpha control for 
all kinds of hypertensives 





No contraindications" to Catapres — 
you can prescribe it for: 


e Asthmatic hypertensives 
Does not act directly on beta; receptors of 
the lungs (blocking these receptors induces 
bronchospasm). 


e Diabetic hypertensives 
Lowers blood pressure without impairing oral 
antidiabetic effectiveness. 


e Hypertensives with renal insufficiency - 
Lowers blood pressure without long-term 
reduction of cardiac output. (Does not 
reduce renal perfusion or GFR.) 


* Hypertensives with congestive heart failure 
Does not depress myocardial contractility. 


e Stress-induced hypertension 
Inhibits sympathetic nervous activity 
centrally and does not elevate plasma 
catecholamines. 


e Elderly hypertensives | 
Recommended in isolated systolic 
hypertension in the elderly.’ 

*Central alpha-adrenergic stimulation decreases sympathetic 
outflow from the brain, as shown in animal studies. 


*Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal failure. 


1. Statement on Hypertension in the Elderly, Revised April, 
1980. Approved by the National High Blood Pressure 
Education Program Coordinating Committee. 


Catapres 
(clonidine HCI) 


Hypertension 


Please see brief summary of PI for warnings, precautions, and 





` others 





Tablets of 0.1, 0.2, 031 mg 






(clonidine HCI) 
Hypertension 
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. Catapres 

(clonidine hydrochloride) 

Tablets of 0.1, 0.2, 0.3 mg 

Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 
Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. : : 
Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become A unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 

Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
. pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and 


` death have been recorded after cessation of clonidine hydrochloride therapy. A 


. causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
atives. Like any other agent lowering blood pressure, clonidine hydro- 
chloride should be used with caution in patients with severe coronary insuffi- 
Sony recent myocardial infarction, cerebrovascular disease or chronic renal 
ailure. 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 
ophthalmologic findings have been recorded with Catapres (clonidine hydro- 
chloride), in several studies the drug produced a dose-dependent increase in the 
- incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely. (In 
some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, Raynaud's phenomenon. vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental ingestion of Catapres 
(clonidine hydrochloride) by several children from 19 months to 5 years of age. 
Gastric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine hydro- 
chloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100.. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 
or complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH 








The Alpha Universe, a painting by Arthur Lidov, commis- 
sioned by Boehringer Ingelheim Ltd. 


Lidov's work, the second in a series on central alpha action, 
interprets the Alpha Universe on many levels... the universe 
of patients who can benefit from the central alpha control of 
Catapres...the special world of patient/clinician interaction... 
the internal universe within each patient that determines or 
modifies his therapy...and the universe of medicine itself. 
Lidov is a painter whose art invites us to share his own fasci- 
nation with the creativity inherent in science. 


If you like this painting, we would be pleased to send you a 
handsome reproduction suitable for framing...with our 
compliments. 


Boehringer Boehringer Ingelheim Ltd. 
Ingelheim e Ridgefield, CT 06877 












. patients with pulmonary valve incompetence oc 


isco B E atients underwent Po topenie cardiac cath 





monary outflow tract to reduce the gradient. | Five of the 15 pati nts 
stenosis required pulmonary valve replacement. Clinical improve! 
has been good, but objective reversal of right ventricular one ion has 
been difficult to document. Tu 





As the experience with children after surgical repair of congenital ben 
defects accumulates, it becomes clear that in many cases a physiologic 
separation of the circulation has been accomplished, but complete cor- 
rection has not. It has often been stated that patent ductus arteriosus 
may be the only lesion to date that results in a complete cure by leaving 
the patient with an essentially normal long-term outlook. In other lesions 
after correction of the intracardiac shunt or obstruction to ventricular 
outflow, cardiac performance improves and the overall status of the 
patient is better. In most patients this improvement continues*; in 
others, subsequent cardiac disturbances result and ev entually : an addi- 
tional operative procedure may be required. — 

It is not possible to cover every potential area of cardiac deterioration 
in patients having had previous "corrective" operations for congenital 
heart disease. This presentation relates a limited experience in patients 
with previous “total repair" for tetralogy of Fallot. It is difficult od 
termine what percent of patients who have undergone such co: 
operation for tetralogy of Fallot may subsequently requi 
Much depends on the anatomy of the individual lesion in 
and on the type of surgical approach employed as well a 
ophy of the cardiologist and surgeon.'-4. 



















Reoperative Procedures ` 

This report represents a 13 year clinical perienc 
tients undergoing open heart surgery for tetralogy of 
subsequent operative procedures. The time from th 
operation to the second operation ranged from 1 to 
patients were reoperated on for residual pulmonary ^ 
tients with pulmonary valve insufficiency underwent p 
replacement because of increasing symptoms of fatigui 
signs of reduced cardiac output. In general the reope 



































years) than those for residual pulmonary stenosis 
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doro have. an excellent sao result until 
imately 18 months before admission. At this 
>, she began to complain of fatigue, mild swelling of 
1 kles and inability to maintain her same level of 


Et fot 4 years. Two months before admission she 
"m ok a leave of absence because she was unable to per- 


Physical examination showed her to be a well de- 
veloped, 26 year old woman in no acute distress. She had 
a blood pressure of 110/70 mm Hg, evidence of right 
ventricular enlargement and a thrill in the third inter- 
costal space at the left sternal border. There was a 
prominent to and fro murmur over the pulmonary 
outflow tract. The liver was palpable just below the 
ostal margin and there was mild abdominal enlarge- 
ment as well as pedal edema. The chest X-ray films (Fig. 
revealed considerable cardiomegaly. 

“ardiac catheterization showed a right ventricular 
ressure of 38/8 mm Hg with marked pulmonary valve 
ompetence and mild tricuspid insuffciency. At op- 
tion, t. p^ outflow tract of the right ventricle was quite 
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K Discussion 


me of TTE for tetralogy of Fallot 
e epending on the original anatomy and 





or stenosis: The sse teria: rai ts of 
in patients with residual pulmonary s 
monary insufficiency remain unclear. Frot 
experience, it appears that patients who are doing sat- . 
isfactorily may become symptomatic from residual : right — 
ventricular outflow tract abnormalities many years after — 
their operation. It is not possible to quantitate ade- . 
quately pulmonary regurgitation or to anticipate at .. 
what time or age the patient may become symptomatic. — 
Animal studies have suggested that pulmonary insuf- 
ficiency i is well tolerated, but individual clinical expe- Be 
rience has proved that. this i is not always correct in pa- 
tients. When patients are symptomatic, valve replace- e 
ment or relief of pulmonary stenosis by right ventricular. 
outflow tract augmentation seems to offer. symptomatic E 
improvement. It cannot be stated how long this im- — 
provement will last or whether right ventricular per- 
formance will be significantly improved. ; 
With the advent of echocardiography, better vali : 
ation of right ventricular performance in theambulatory |. 
patient is possible. Data may be gathered that allow — 
assessment of right ventricular performance over long . 
periods of time, identifying when and if deterioration 
begins. In this way, it may prove possible to assess ob- 
jectively right ventricular performance and to. intervene. 
before clinical symptoms or severe right ventricular ; 
deterioration occurs. us 
Whether one should recommend. surgical augmen- i 
tation of the outflow tract in the asymptomatic patient 
with poor ventricular performance is not certain. In 
many patients, follow-up cardiac catheterization has 
shown stenosis or insufficiency, yet no clinical mani- 
festations. We do not recommend reoperationin these 
patients because there is not an accumulated data base... 
to substantiate such a recommendation. Once the pa- 
tient becomes symptomatic and a definable outflow ^. 
tract problem is recognized, operative interven ion 
seems indicated. | d 
Role of tricuspid incompetence: Astoviated: tri 
cuspid incompetence due to dilation of the right 
tricular anulus in patients with right ventricular failų 
is a serious complication. I Insufficient data are available | 3 


















TABLE ii 


Reoperative Procedure in the 2 Nine Patients With 
Predominantly Pulmonary E sufficiency 
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= z : FIGURE 1. Chest roentgenograms of a 26 year old woman with significant pulmonary regurgitation. Left, preoperative showing cardiac enlargemer 
|o and prominent pulmonary vasculature. Right, 2 months after replacement with a heterograft pericardial valve showing little change in cardiac silhouett 
^5 s. 0r pulmonary markings. The patient is symptomatically improved, but has little objective evidence of change on X-ray film. : 














on whether this complication will lessen and whether It is known that the combination of pulmonary anc 
/ ^ Tight ventricular size will decrease once outflow tract tricuspid regurgitation leads to rapid and persisten! 

“augmentation or pulmonary valve replacement is per- right ventricular failure that is difficult to manage by 
formed. All 13 of our patients who had tricuspid in- medication. All 13 patients with tricuspid incompetenct 

competence retain murmurs after the reoperative pro- have had clinical improvement with operative repay 


.... cedures on the right ventricular outflow tract (Fig. 2). directed at the pulmonary area. In one patient a tri 
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th ad valve. We generally 
ulant therapy in patients with right 
tract prosthesis, but give them as- 
ve no documentation of pulmonary 
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ifest and dysfunction is advanced. This 
that page after ESAE of tetral i Ms ' 
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New Reliable. 


Leave it to the Cambridge Medical Instru- 
ments Division of Picker International to 
combine a long-standing tradition of ECG 
superiority with the latest ECG technology. 


That’s the creative combination offered in 
the new CM-3000 3-channel System. All the 
ECG recording fidelity you’ve relied on for 
years is integrated into a mobile, compact 
instrument which is packed with user- 
oriented features. 

Our INTERACTIVE MEMORY eliminates the 
need to photocopy tracings. And combined 
with our OBSERVE, SEMI-AUTO and AC 
ELIMINATION features, it virtually assures 


perfect tracings every time. 


And since the CM-3000 is a true three- 
channel recorder, it produces records in 
real-time quickly and easily. The operator 
controls the instrument, not vice versa. 


The CM-3000 is modular, too, and our 
OBSERVER™ Stress Test System may 
be added at a later date. 


Ask your Cambridge distributor about the 
CM-3000 today. Or contact us directly. 
Cambridge Medical Instruments Division, 
Picker International, Inc., 73 Spring St., 
Ossining, N.Y. 10562. Call (914) 941-8100. 





References: 1. Morady, F.; Scheinman, M., and Desai, J.: Diso- 
pyramide, Ann. Intern. Med. 96:337-343, 1982. 2. Wilson, R., 
and Wallace, A.: Drug Therapy: Disopyramide, Cardiovasc. 
Rev. Reports 3:414-418, 1982. 3. Leahey, E.; Reiffel, J.; Giardina, 
E., and Bigger, J.T.: The Effect of Quinidine and Other Oral 
Antiarrhythmic Drugs cn Serum Digoxin, Ann. Intern. Med. 
92:605-608, 1980. 4. Wanner, W.: Disopyramide and Antinuclea 
Antibodies, Heart J. 107:687-689, 1981. 





As a consequence of the negative ino- 
tropic properties of Norpace, adequate 
cardiac function must be established and 
maintained. Norpace should not be used in 
patients with uncompensated or marginally 
compensated CHF or hypotension unless 
secondary to cardiac dysrhythmia. Please 
see the next page for a brief summary of 
the complete prescribing information. 


Unsurpassed efficacy in the suppression 
of ventricular dysrhythmias' 


e Lower dropout rate than with quinidine’ 


Side effects most often anticholinergic 
and dose related 


Does not elevate digoxin serum levels or 
increase the potential for digitalis toxicity“ 


Does not induce lupus erythematosus‘ 





NOPPace 
(disopyramide phosphate) 


100-mg and 150-mg capsules 
for the long term 





Before prescribing Norpace (disopyramide phosphate), please consult current complete pre- 
scribing information, a summary of which follows: Indications: For suppression and pre- 
vention of recurrence of the following cardiac arrhythmias when they occur singly or in 
combination: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ven- 
tricular contractions of multifocal origin; paired premature ventricular contractions (couplets); 
and episodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated 
with D.C. cardioversion). Norpace is equally effective in both digitalized and nondigitalized pa- 
tients. It is also equally effective in treating primary cardiac arrhythmias and those which 
occur in association with organic heart disease including coronary artery disease. Oral 
_ Norpace has not been adequately studied in patients with acute myocardial infarction or with 
persistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due 
to digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in pa- 
tients with serious ventricular ectopic activity has not been established. Contraindications: 
Cardiogenic shock, preexisting second- or third-degree AV block (if no pacemaker is present), 
or known hypersensitivity to the drug. Warnings: Norpace may cause or worsen con- 
. gestive heart failure (CHF) or produce severe hypotension as a consequence of 
its negative inotropic properties. Hypotension has been observed primarily 
with primary cardiomyopathy or inadequately compensated CHF. Norpace 
should not be used in patients with uncompensated or marginally compen- 
sated CHF or hypotension unless the condition is secondary to cardiac ar 
rhythmia. Patients with a history of heart failure may be treated with Norpace, 
but careful attention must be given to maintaining cardiac function, including 
optimal digitalization. If hypotension occurs or CHF worsens, Norpace should 
be discontinued and, if necessary, restarted at a lower dosage only after ade- 
quate cardiac compensation has been established. Norpace should be discon- 
tinued if significant widening (greater than 25%) of the QRS complex occurs. 
Prolongation of the Q-T interval (corrected) and worsening of the arrhythmia 
may occur. Patients who have evidenced prolongation of the Q-T interval in re- 
sponse to quinidine may be at particular risk. If Q-T prolongation greater than 
25% is observed and if ectopy continues, the patient should be monitored 
closely, and discontinuation of Norpace considered. In rare instances signifi- 
cant hypoglycemia has been reported during Norpace therapy. The con- 
comitant use of Norpace with other Type 1 antiarrhythmic agents should be 
reserved for patients with life-threatening arrhythmias who are demonstrably 
unresponsive to Single agent antiarrhythmic therapy. Such use may produce 
sefious negative inotropic effects, or may excessively prolong conduction. 
. Patients receiving more than one antiarrhythmic drug must be carefully moni- 
tored. If first-degree heart block develops, the dosage of Norpace should be 
reduced. If the block persists, continuation of Norpace must depend upon an 
assessment of benefit versus risk. Development of second- or third-degree AV 
block or uni-, bi- or trifascicular block requires discontinuation of Norpace, un- 
. less the ventricular rate is adequately controlled by a pacemaker. Because of 
its anticholinergic activity, Norpace should not be used in patients with 
glaucoma, myasthenia gravis or urinary retention, unless adequate overriding 
measures are taken. Precautions: Patients with atrial flutter or fibrillation should be 
digitalized prior to Norpace administration to ensure that drug-induced enhancement of AV 
conduction does not allow a ventricular rate beyond physiclogically acceptable limits. The ef- 
fect of Norpace is presently uncertain in patients with sick sinus syndrome, Wolff-Parkinson- 
White syndrome, or bundle branch block. Patients with myocarditis or other cardiomyopathy 
may develop significant hypotension in response to the usual dosage of Norpace. Norpace 
dosage should be reduced in patients with impaired renal or hepatic function and the electro- 
cardiogram carefully monitored for signs of overdosage. Antiarrhythmic drugs may be ineffec- 
tive in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting 
Norpace therapy. Safe use in pregnancy has not been established. Disopyramide has been 
found in human fetal blood. Norpace has been reported to stimulate contractions of 
the pregnant uterus. Use of Norpace in pregnant women requires that the potential benefit 
be weighed against possible hazards to the fetus. Following oral administration, disopyramide 
- has been found in human milk at a concentration not exceeding that in plasma. If use of the 
drug is deemed essential, an alternate method of infant feeding should be instituted. Effects 
of Norpace on the fetus during delivery or on the course of labor and delivery are unknown. 
_ Safety and effectiveness of Norpace in children have not been established. Adverse Reac- 
tions: Dry mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, 
urinary retention, urinary frequency and urgency, impotence, nausea, pain/bloating/gas, 
- anorexia, diarrhea, vomiting, nervousness, dizziness, general fatigue/muscle weakness, head- 
ache, malaise, aches/pains, hypotension, congestive heart failure, cardiac conduction 
disturbances, edema/weight gain, shortness of breath, syncope, chest pain, generalized rash/ 
dermatoses, itching, hypokalemia, elevated cholesterol/ triglycerides, depression, insomnia, 
dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, elevated creati- 
nine, decreased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, cholestatic 
_ jaundice, and agranulocytosis, all three reversible, have been reported. Dosage and 
Administration: Dosage must be individualized on the basis of response and tolerance. The 
usual adult dosage is 400 to 800 mg per day given in divided doses four times daily. The 
recommended dosage schedule for most adults is 150 mg every six hours. For patients less 
than 110 pounds (50 kg) the recommended dosage is 100 mg every six hours. If rapid control of 
-arrhythmia is essential, an initial loading dose of 300 mg of Norpace (200 mg for patients less 
than 110 pounds) is recommended. For patients with cardiomyopathy or possible cardiac 
decompensation, a loading dose should not be given and the initial dose limited to 100 mg 
every six hours, with subsequent dosage adjustments made gradually with close monitoring. 
See current complete prescribing information for dosage recommendations, in- 
cluding pediatric use. How Supplied: Capsules containing 100 mg or 150 mg of 


disopyramide base. 
EARLE Searle & Co Address medical inquiries to: 
San Juan, PR 00936 G.D. Searle & Co. 
Medical Communications Department 


2N2 Box 5110, Chicago, IL 60680 


A422 LIEU B.. Va. Sa 


NOW AT YOUR FINGERTIPS ... 


p——————————— 


the knowledge of world- renowned specialists to help 
you understand, diagnose, and manage infections 
which strike patients with: 

Diabetes / Alcoholism / Cancer / Drug Addiction / 


Rheumatic Disease / Uremia / Pulmonary Disease / 
Hepatic Insufficiency / Allograft Transplantation, etc. 


INFECTIONS 


IN THE ABNORMAL HOST 


Edited by Michael H. Grieco, M.D. 
Text by 47 Specialists. Illustrated with 147 
Drawings and Photos, 78 in Full Color 





Infections in the Abnormal Host discusses n rar 
in 36 revealing chapters the mechanics jgéne 
of host defenses . . . the various under- ; 
lying disorders and the latest treatments 
by chemotherapy, management of agran- 
ulocytosis, immunological reconstitution, 
passive and active immunotherapy, and 
immunostimulation. 


Consultation and study of Infections will help you understand, 
diagnose, and manage the many infections which strike patients 
whose defense mechanisms are down. 


Check this list of chapters 
PART! HOST DEFENSES 


* Introduction to the Abnormal Host and Complicating Infections * The 
Neutrophil in Host Defense: Congenital, Acquired and Drug-induced Ab- 
normalities « The Complement System in Human Disease * Structure and 
Function of Immunoglobulins « Human Lymphocyte Subpopulations: 
Surface, Intracellular, Enzymatic Markers and Functions « Congenital 
and Acquired Primary Disorders of B and T Lymphocyte Function « Drug- 
induced B and T Lymphocyte and Monocyte Dysfunction » Cutaneous, 
Pulmonary, Gastrointestinal and Genitourinary Defense Mechanisms and 
Relationship to-Nosocomial Infections » The Effects of Malnutrition on 
Host Responses and the Metabolic Sequelae of Infections « Humoral and 
Cellular Responses to Infection 


PART I| INFECTIONS ASSOCIATED WITH THE ABNORMAL HOST 


* Pyogenic Bacterial Infections « Higher Bacterial and Fungal Infections « 
Mycobacterial Infecticns « Viral and Chlamydial Infections « Protozoal 
and Helminthic Infections * Infections Complicating the Transfusion of 
Blood, Blood Products, Animal Exposure and Animal Products « Infec- 
tions Complicating the Alcoholic Host « Infections in Parenteral Narcotic 
and Drug Abusers * Infections Complicating Uremia and Organ Trans- 
plantation « Infections in Patients with Neoplastic Diseases « Infections 
Complicating Diabetes Mellitus e Diagnosis and Treatment of Diffuse 
Pneumonias * Host Deficiency States and Central Nervous System Infec- 
tions » Genitourinary Infections + Infections Complicating the Rheumatic 
Diseases « Endovascular and Prosthetic Implant Infections » Intraocular 
Manifestations of Systemic Infections » Selected Histopathologic Respon- 
ses * The Microbiology Laboratory in Diagnosis and Therapy « Infections 
Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART Il! MANAGEMENT 


* Antimicrobial Therapy in the Compromisec Host: Resistance, Pharma- 
cology and Toxicity » Chemotherapy for Viral and Chlamydial Infections « 
Chemotherapy for Protozoal and Helminthic Infections + Infection Preven- 
tion in Patients with Cancer and Granulocytopenia « Immunologic Re- 
constitution +» Gamma Globulin and Vaccine Therapy « Index 


Yorke Medical Books, Box C-757, Brooklyn, NY 11205 AJCI2 


Please send, on approval, copies of INFEC- 
TIONS IN THE ABNORMAL HOST, edited by Michael 
H. Grieco. | will be free to read and consult the book in 
any and all relevant situations for 30 days. If | am not 
convinced it is a valuable professional tool, | will return 
it and owe nothing. Otherwise | will remit $79.95. 


C Send invoice, plus shipping 

[] Payment enclosed, publisher pays shipping (same return 
privilege) 

C] Charge my credit card O Visa 





C] MasterCard 


Card No. Expiration date 
Name 
(please print) 
Address 
GIN ee rb Vic 





New York residents include%ales tax. Outside Western Hemisphere add | 
$5.00 per copy. 
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FRANKLIN OFFERS AN AFFORDABLE 
WAY TO ADD FULL VIDEO ARCHIVING 
AND SIATE-OF-THE-ART IMAGING 


: TO YOUR ATL SYSTEM. 


Now there's a relatively inexpensive way 
_ tp keep your older ATL system from be- 
coming obsolete. 

The Franklin DCQ-64, It’s a 64-gray- 
level M-mode scan converter and 2D 
display system that plugs right into your 
present ATL system. 

You get full video archiving, alphanu- 
merics, calipers and essentially everything 
pelse you need to optimize lab efficiency 
* and handle increased patient loads. 

And it's yours for thousands of dollars 
less than you'd pay for an all-new system. 

Think about that. The money you save 
by upgrading your ATL system with the 
DCQ-64 will go along way toward bud- 
geting forthe next stage: an echocardio- 
graphic quantitation computer. 

Check with Franklin now. You can 
count on usto help you keep up with 
advancing technology. 

And keep within your budget. 


FRANKLIN DCQ-64 
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Compare this to any other system. 

At any price. 

The ATL Mark Series System upgraded 

with a DCQ-64, offers all these features: 

O Full M-mode and 2D archiving for 
offline measurements. 

[12D images in multiple levels of gray 

O M-mode images in 64 levels of gray 

O Joystick and calipers for online linear 
measurements 

O Image processing for improved diag- 
nostic M-mode images 

[] High resolution monitor for sharper 2D 
and M-mode images 

O Strip chart and video page recording 

D) Alpghanumerics for patient and frame 
information 


[]Portability for easy, effective ICU or cc 
service 


O Full doppler compatibility 


The Franklin DCQ-64 displays yo 
ATL echo data clearly and brightl 
in both M-mode and 2D. Precisio 
joystick permits quick, easy 
caliper positioning for distance 
and slope measurements. 





a TO: Franklin, ine. — ^ 
1076 Bh Avenue NE Seat WASMOS 
(206) 367-2920 | 
DIdWe more information abouttne 








An important symposium in the 
October & November issues of 
The American Journal 
of Cardiology entitled 


“Verapamil Therapy 
for Angina Pectoris” 


OCTOBER & NOVEMBER ISSUES-DON'T MISS IT! 
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Eta-matic: automatic, but nevertheless always unc 
the doctor's control. 
It is the doctor who makes the diagnosis and take: 
the final decisions. 
Its microprocessor results in a clear and unambiguous recording, 
complete with an alphanumeric identification of the type of input signal usec 


The whole eta-system family, to which the eta-matic belongs, is modular in 
concept and design, so that the eta-matic is versatile, and capable of satisfyin 
the most varied requirements. 


It forms an 
intelligent multi- 
channel recorder, 
presented in a new 
and aesthetically 
oleasing form. 

We look forward 
to demonstrating it 
, to you. 














3 - channel ecg polygraph 
in double console 
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Inan angina, 


lependable 
action 


here... 


JyILATRATE* -SR offers up to 12-hour 
itrate activity through use of a 
nique drug delivery system-an 
dvanced microdialyzing mem- 
rane that releases ISDN ata 
teady rate independent of 
astric pH and enzymes. 

he water-activated 

\ìembrane continually 

djusts permeability 

) maintain con- 

tant nitrate 

lease. 


RIEF SUMMARY 


a sÉ — — —_ 


* Indications: Based ọn a review of the drug ner the National 
Academy of Sciences- National Research Council and/or 
other information, FDA has classified the indications as 
follows: 

Possibly effective: For the relief of angina pectoris (pain of 
coronary artery disease). Dilatrate is not intended to abort the 
acute anginal episode, Dut is widely regarded as useful in the 
prophylactic treatment of patients with angina pectoris 

Final classification of the less-than-effective indication 
requires further dit. cn 


ONTRAINDICATION: diosyncrasy to this | drug. 
ARNINGS: Data supporting the use of nitrates and nitrites during 
ie early days of the acute phase of myocardial infarction (the 

iod during which clinica! and laboratory findings are unstable) are 
sufficient to establish safety. 


RECAUTIONS: Tolerance to this drug, and cross tolerance to 





ADVERSE REACTIONS: Cutaneous vasodilation with flushing. 
Headache is common and may be severe and persistent. Transient 
episodes of dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension may 
occasionally develop. This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, histamine, and many 
other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and collapse) 
can occur even with the usual therapeutic dose. Alcohol may 
enhance this effect. Drug rash and/or exfoliative dermatitis may 
occasionally occur 

For full igi information, consult package insert. 

References: 1. Dinsdale J, Allen J: Data on file, Medical 
Department, Ba ed & Carnrick. 2. Erb RJ: Data on file, Medical 
Department, Reed & Carnrick. 


REED & CARNRICK 





„Can mean 
more confidence 
here. 


With DILATRATE®-SR, your angina patients may 
experience up to 12 hours of sustained prophylaxis 
with the convenience of b.i.d. dosage. 


Sustained Release Proven by 12-hour Pharmacologica 
Activity and Blood Levels 
ra 


NO 
© 


Diastolic Amplitudes 
(Mean Placebo-Corrected Values 
TESTE Ta 0000 


zx Pharmacological Activity Blood Levels 


Measurable plasma levels! and pharmacological activity’ in healthy 
subjects were maintained for 12 hours following administration of a 
single 40 mg oral dose. 


Dilatrate-sR 


(Isosorbide dinitrate) 40 mq 
The Confidence Capsule 





The Heartbeat 
Quantified 


by Spectra digital fluorography from Medical Data Systems 








By defining regions of interest from both Shown here, resultant automatic calcula- A display of regional areas plus radial di- 


end diastolic and end systolic frames, vol- 
umetric data can be obtained. 


Spectra digital fluorography gives you a 
trio of capabilities for frequently used... and 
new...procedures. 


With Spectra, images can be (1) captured 
(2) enhanced and (3) quantified. 


For example, the digital left ventriculography 
procedure shown here can be used as part of an in- 
vasive catheterization procedure. Or as part of a 
less invasive venous injection . .. on an out-patient 
basis or in the coronary care unit. 


The result is... more patients receive 
the benefits of your skill and experience. 


For details, call Richard Howell, (313) 769-9353. 
Or write 2311 Green Road, Ann Arbor, MI 48105. 


* Case courtesy: Copyright, Department of Radiology. University of California 
Medical Center, San Diego; W. Ashburn, N. Baily, G. Coade, W. Dillon, K. Gerber. 
C. Higgins, S. Norris. K. Peterson, R. Slutsky 





Medtronic [£3 
Medical Data Systems 
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tion of end diastolic and systolic volume, mension changes. 
stroke volume and ejection fraction. 


TWO FRAMES OF 32 RAW IMAGES. 





Two frames from 32 frames of raw data* are dis- 
played. Injection into superior vena Cava. 


TWO FRAMES OF 32 ENHANCED IMAGES. 





metas 








Time Interval Difference is one of several possible 
methods to enhance images. White band around the 
ventricle represents areas of inward wall motion. 











. . pregnancies in young women with a congenital heart defect. 





In the state of Connecticut, 233 women with h congenital heart defects wer 
prospectively followed up through 482 pregnancies that resulted in 37 
infants who were examined frequently during their first 3 years. of difi 
Approximately half of the women had undergone cardiac surgery and the 
were compared with the women without operation. There was no matern: 


-. mortality, and no patient had infective endocarditis, brain abscess or 
cerebrovascular accident. The: proportion of pregnancies resulting in liv 


births did not differ significantly in mothers with and without cardia 


_ surgery; the average live birth rate was 77 percent in all. However, th 
= number and size of live-born infants was much greater in mothers wh 
<> had become acyanotic as a result of reparative surgery than in the sti 

-cyanotic women, whether or not they had had palliative surgery. In cy: 

^. notic women, placental size was abnormally large in relation to bin 
~~ weight, which was abnormally low. | 


When the mothers were classified according to cardiac function; ther 
was a significant difference between the number of infants born alive t 


-mothers in good to excellent status and the number born to mothers in fa 

to poor condition. The latter had a significant increase in interrupte 
_ pregnancies as well as in cardiovascular complications durin 

. The total group had a 16.1 percent incidence rate of infants with conge anit: 





g pre nc: 





heart disease. This rate was corrected to 14.2 percent by removal of seve 
mothers, two with Noonan’s syndrome, one with hypertrophic cardic 


. . myopathy and four with a family history of congenital heart defects. - 


Pediatric cardiologists and cardiac surgeons share the goal of helpir 
each patient to enter adulthood in as good condition as possible so th: 
he or she may lead a healthy, long and. normally active life. For tl 
woman born with a cardiac anomaly, the ability to bear children is or 
manifestation of normal function. This report summarizes findings thi 
derive from an ongoing 34 year experience in pediatric cardiology : an 
from the past 13 years of a prospective study of the outcome | 


_ Methods - T 


| m 7 Bureau. This s service was un DR in 1960 
(0 of ecru but the See of record: 


Spor onta ansous Ls 
z "TI Live-barn 
Pregnancies ^  dnfants — 
i-r o aie 
221 — — 167 (76*6) 
. 205 (79%) 
_ 872 (T1 61) 


: nr one 5 set a twins. 


= * p «0.001; ! percent of total pregnancies; ! percent of live-born infants. 


isticipate in the prospective portion of this study. The pe- 

tric cardiologist examined the patient several times during 
he pregnancy and worked in conjunction with the obstetrician 
nd the patient's physician. With rare exception, the obstetric 
are and deliveries took place in the state of Connecticut, and 


sually through the High Risk Obstetrical Services at the 


Yale-New Haven Medical Center. The cardiologist traveled 
to the hospitals to be present during labor and at delivery and 
to examine the newborn infant at birth. Subsequent exami- 

ations y were performed at 6 weeks, 6 months, 1 year, 3 years 
and, in many instances, more often and over a longer pe- 


i The daik summarize the findings during the antepartum, 
ntrapartum and postpartum periods in 233 women with 482 
pregnancies and the condition of their 372 live-born children. 
. In this group were 118 postoperative women who had 261 
_ pregnancies that resulted in 204 live-born babies. The age 
distribution of the 233 women at the first pregnancy was as 
follows: 60 women under age 20 years, 168 between ages 20 and 
29 years, 5 aged 30 to 35 years and none older than 35 
years. j 
ie Analysis of data: The data were analyzed according to 
operative status (Table D), functional status at onset of preg- 
nancy. (Table ID, specific diagnosis (Tables III to VI) and 
congenital heart disease in the babies (Table VII). Functional 
status was rated "excellent to good" or "fair to poor." Patients 
dged to have excellent to good function included those who 
re in class IA according to the New York Heart Association 
sification. Such patients had no apparent incapacity or 
rdiae: compromise and, if postoperative, had no evidence of 
ual structural defect. All women operated on for patent 
arteriosus and for atrial septal defect, as well as 26 
with a small ventricular septal defect and 12 with a 
‘in the miscellaneous group, had excellent to good 
onal, status. Patients with fair to poor status included 
er women: those with an abnormal electrocardiogram, 
aly,- residual postoperative abnormalities or 
neart disease. ` 
ir diagnostic categories: (1) obstruction to 




































18 icluding mitral valve.abnormalities; 
unt. Results will be presented according 
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cular outflow (pressure load); (2) left to right 


Mont the left or right heart chambers); (3) arative surgery its was 78 pe 


the 18 postoperative d live- et ‘children wete 


: anor alies of the cardfov sc 





Table L Overall," Ti percent ef pregnancies s fenulted; in. 
live-born infants, almost. equally distributed between 
the two groups. According to functional capacity (Table 
ID, the proportion. of live births to the number of 
pregnancies was significantly greater in patients judged 
to have excellent to good function. (probability [p | 


| X0.01). 


Fetal loss: The natiber of interrupted pregnancies 
and therapeutic abortions was significantly greater in 
the group judged to have fair to poor function (Table ID) 
(p <0.001) and in patients not operated on (Table I). 
More spontaneous abortions occurred i in the surgically 
treated group. 

The question of terminating pregnancy was dis- 
cussed with the mother and father by the obstetrician, 
the cardiologist and the primary physician. Interruption 
of pregnancy after the 16th week was necessary in only 
one instance. Pregnancy was interrupted for cardiac 
reasons (pulmonary hypertension or increase in severity 
of heart failure) in 13, other medical reasons in 1, ob- 
stetrical reasons (ectopic pregnancy) in 2 and Psy- 
chologic or psychiatric reasons in l4 women. = 

Cyanosis in the mother produced the most serious 
problem for the fetus and infant *? (Table VI). Among 
the 22 women who were cyanotic during pregnancy only 
55 percent of their 42 pregnancies resulted in live-born 
infants. Only 2 of these 23 infants were full term and of 
disp birth A the > remain ad 1. W birth 
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). The incidence rate 


No MEE ~~ Offspring — ^ Cardiovascul 
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28 (76 % ) 
48 (82%) 
46 (78%) 


a ^ 35(89) 
Uy cold ew) ^ d 
| ee ak 
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/— 46 (67%) 
. 8(80%) - 
VA) 


| 39 (77%) 


DAP 


. 15 (8396) 
3 (6096) 
18. (78%) 


15: (8396) 
oo 26*(559) |. 
AL (63%). 


= excellent or good; FP = “fait or poor, HB >= h 
«e. 001, $ total of cardiovascular complic ions 





| Ac ee ee BEI (78%) _ | 
dr elation t to number of pregnancies. te =p «o. 05. 


bérconty 1 than did the mothers with pulmonary | The cardiac anomal y of the mother was similar. in. 
s (20 percent). | s “several instanees tothe malformation i in the infant, as 
The most common tengenital ‘eat defeti in. the ©. noted in other reports of familial clustering of congenital. 
spring (Table VIT) was ventricular septal defect (18 | ^ heart disease. Of the 17 babies with congenital heart 

ases), followed by aortic stenosis (12), pulmonary ste- ^ disease born to mothers with a ventricular septal defect, 
osis (8) and patent ductus arteriosus (7). No infant had. 14 had a ventricular septal defect, 9 alone and 5 in AS- 
oarctation of the aorta. The only cyanoticheartdisease ^ sociation with mild. pulmonary stenosis. One such 
ccurred in a set of twins who died shortly after birth. — mother had two children, both with a ventricular septal 
f nport is the spontaneous closure of the ventricular defect. Of the 12 babies with congenital heart. dien. 
eptal defect by age 3 years in four of the nine infants whose mothers had left heart obstruction, 9 had varying 
mothers with this defect. Among the total of 18 babies degrees of aortic stenosis. Familial- rrence of the 

| ventricular septal defect, the defect had. closed Noonan syndrome has been re 
iat age i each of the two mothers th 
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children. no 15 me these the had aar infant with Y E 


congenital heart disease in her third pregnancy. In three 
mothers the affected infant came from the third and last 
pregnancy. One mother gave birth in her fourth preg- 
nancy to an infant with a congenital cardiac anomaly. 
Among the 233 mothers were 5 women who had no 
family history of congenital heart disease but who gave 
jirth to more than one infant with congenital heart 
disease. One mother had twins with complex cyanotic 
mgenital heart disease. A mother with tetralogy of 
Fallot, palliated by surgery, had one child with a small 
ventricular septal defect and a second child with mild 
pulmonary stenosis. Concordant anomalies were present 
in both of two children of one mother with patent ductus 
_ arteriosus and diabetes and another mother with a 
- ventricular septal defect. 
v Four mothers reported a family history of congenital 
heart disease. ^-9 All four had siblings with a congenital 
heart defect, and each of the four had an affected off- 
spring. Two. of these mothers had a sibling with the 
same anomaly (atrial septal defect and patent ductus 
arteriosus, respectively). The infant of the mother with 
an atrial septal defect also had that anomaly, whereas 
hat of the mother with patent ductus arteriosus had a 
bicuspid aortic valve. One mother with an atrial septal 
defect had a sister with patent ductus arteriosus and a 
mily history of twins. She gave birth to twins, both of 
whom died within a few hours from multiple congenital 
omalies including complex cardiac malformations. 
he fourth mother was one of four of nine siblings with 
iment right ventricle (Uhl's anomaly). Her pre- 
fant rquired surgery for patent ductus arte- 
age 5 days and has congenital deafness, mental 
dation and failure to thrive. 
we eliminate from analysis conditions that are 
n to be heritable in some instances, such as the 
an eee in (two women | and [y inii 


















































deni har disease are elimi: 
the incidence rate is 14.2 percent, 
rably higher than the usually ac- 
pip sch in the offspring 


| rection in 1 the mothers. 


ore no relatio ito surgical cor- 
The most. common abnormality 
in all groups was orthopedic deformity in 15 infants. i 








Hemangioma (six cases), inguinal hernia (five cases), 


mental retardation and genitourinary tract obstruction 
(four cases each) were the next most frequent abnor- 
malities; cleft palate, congenital deafness and pyloric. 
stenosis each occurred no more than twice. One third 
of all these infants had cardiac anomalies as well. 
Postnatal mortality: The postnatal mortality rate 
in these 372 live-born infants was 1.1 percent. Two 
premature infants of the 19 cyanotic mothers died 
within a few hours. Another premature baby and a set 
of twins (those with multiple congenital anomalies and 


-complex cardiac defects) born to mothers with an atrial 


septal defect died. 


Outcome for Mother 


There were no maternal deaths in this series, no 
bacterial endocarditis: occurred after any of these 
pregnancies and there was no evidence of brain abscess 
or cerebrovascular thrombosis. 

The functional classification of “excellent to good” | 
versus “fair to poor" (Table II) bore a relation to ma- 
ternal complications of pregnancy. 'The problems ex- 
perienced by the mothers were chiefly cardiovascular 
in nature or were obstetric complications. !1-14 

Cardiovascular complications: Cardiovascular 
complications, as might be anticipated, were greater i in 
the group un ecd to poor. function Air 6 peront than 






tions were few. Hy poteiiion e ischemic ae apria in 
the electrocardiogram occurred ina odis with left 
heart obstruction. In one wom. : 








sure of an atrial septal. defect | transient bradycardia 


without block developed. - x | 
Congestive heart. failure: Congestive heart failure 
occurred in 17 pregnancies. It was the most common 
complication i in women with fair to. poor: fun ictio 
curring in 15 of these mothers, 5 of whom hac 1. 
obstruction to left heart outflow and 3 of whom ` werein 
Pedir uda status s after repas AY ) 
































of aea tachycardia à tha eod euet to 





| pregnancy, neither patient had arrhythmia. 


Atrial flutter and paroxysmal supraventricular . 


- tachycardia were the other arrhythmias. Atrial flutter 
. occurred in one mother who had had three ventriculo- 
-..tomies for repair of a ventricular septal defect and in a 
- woman with aortic insufficiency after aortic valvotomy. 
as Paroxysms of supraventricular tachycardia were re- 
-corded in four women who had undergone surgery for 
. closure « of an atrial septal defect. The episodes persisted 
_ postpartum; in one woman, this arrhythmia was prob- 
-ably present before pregnancy. The patients were 
managed with digitalization and rarely with quinidine 
sulfate or propranolol. Congenital complete heart block 
in two women with a lesion in the miscellaneous cate- 
- gory posed no problem in pregnancy or delivery, al- 
. though one occasionally mentioned lightheadedness. 
5 Hypertension: High blood pressure during preg- 
nancy was unrelated to the functional status of the 
< mother. Two women who had been operated on for 
coarctation of the aorta had hypertension before preg- 
. nancy. Hypertension occurred during 26 pregnancies 
in all groups; the greatest incidence was found in 





cardiac function (Table ID. Elevated pressure was a 
. major concern in 6 of the 18- pregnancies in these 11 
- women, 2 of whom had undergone repair of coarctation 
z of | hea aorta. Hypertaneie’ o Aevelopede as well que the 
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| ‘ications | fore section were TEN previa: 
— premature separation of the placenta in three wome 

placental insufficiency in two and fetal dis ress in | hire 
Cesarean section was performed twice for cardiac rea- 


- medical measures in the other. Several months after 


-pertension had hemorrhage and shock that responde i 
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risk maternity center as early i in the pregnancy as. 
infant! 
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sons in outside hospitals, in a cyanotic patient and ina 
patient with severe aortic stenosis and angina for the 
purpose of preventing the expulsive efforts and bearing 
down during delivery. 

Postpartum complications i in ácyanetié women ii 
cluded hemorrhage in nine and psychosis in thre 
Among the 22 cyanotic women, one experienced pu 
monary embolism and another with pulmonary h; 


to emergency ‘treatment. ; 


Management 


Certain. lessons have beim: leased as ; this prospective 
program evolved for obstetric-cardiologic surveillance 
and management during pregnancy and delivery.!-14 

General considerations: For these mothers during 
pregnancy, contact with the cardiologist is maintained, 
and early joint arrangements are made with the ob: 
stetric team. Exercise that is comfortable is encouraged, 
just as before pregnancy. No drugs are taken unless 
absolutely necessary.': 15-19 Moderate sodium restric- 
tion is recommended. Diuretic agents are avoided, if 
possible, because these decrease uterine blood flow. 
If there is an acute need for diuresis; furosemide is re 
ommended; but if mild diuresis is indicated, a thiazide 
is sufficient. Digitalis products are well tolerated. No 
roentgenograms of the chest are taken to determine 
heart size unless there is strong indication and the 
abdomen is shielded. Echocardiography i is helpful in 
evaluating suspected compromise in maternal cardi 
function and in detecting gross abnormality of struct 
or rhythm of the fetal heart.?'7? Ultrasonic examina: 
of the abdomen permits rather precise estimate o 
weight with use of a formula that considers bip 
dimensions of the fetal skull and abdominal c 
ference. Serial measurements enable fetal growth 
monitored.23.4 Indications for amniocentesis ar 
same as for the. general population. 24 Tf heart fa 
persistent arrhythmia or poor fetal growth occur: 
suspected, it is desirable to admit the mother toa h 





sible, not only for her sake but alao for the safety 


Antepartum management: " as Bu 
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pertension, propranolol may have 


Persistently. cyanotie women should have — 
measurements of hemoglobin and hematocrit to avoid 
xtremes of polycythemia or relative anemia. Intra- 
iterine growth retardation and prematurity should be 
suspected i in such patients.!-? Ultrasonic measurements 

of the biparietal diameter of the fetal head give rea- 
- sonably accurate measurements of intrauterine growth 
and enable a measure of fetal growth retardation.?? 
_ ‘Twenty-four hour urinary estriol values, a measure of 
fetal placental well-being, are often low when the infant 
| is premature and small for gestational age. Oxygen 
inhalation therapy during the last trimester was tried 
n the mothers whose fetus was retarded in growth. The 
objective evidence of benefit was difficult to confirm 
although it was the distinct impression that intrauterine 
growth was accelerated as a result. 

Intrapartum management: Some mothers with 
'ongenital heart defects who were cyanotic or who had 
congestive failure or failure to thrive in their own 
'hildhood are apt to have cephalopelvic disproportion. 
his is a fact that may not be recalled by such a mother 
does well as a young adult, whether or not she has 
d corrective surgery. Such possibilities should be 
sidered by the obstetrician. 

'anagement during labor and delivery aude 
unistration of prophylactic antibiotic drugs in 
erapeutic doses when the mother is admitted in 
;or.?9 At this time ampicillin and gentamycin are 
and their administration i is continued for at least 
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A cyanotic moker iso Wen gi n oxygen throughout i 
labor and. delivery. Positioning her on her left side. 
minimizes compression of the inferior vena cava. This 
may be advisable during the second stage of labor. 
Management of the second stage with peridural block 
as described previously is often well tolerated by such. 
patients. Blood or fresh plasma is available in the de- 
livery room and intensive care unit for any such patient 
if emergency treatment is necessary. Such treatment 
may be necessary particularly in the patient with pul- 
monary hypertension, because such a patient is prone 
to have hypotension, low cardiac output and shock with 
severe hypovolemia during or after delivery.?9?! If such 


-should occur during delivery, the mother is immediately 


taken out of the lithotomy position, allowed to lie on her 
side with knees compressed against. hor chest while 
blood transfusion is given. 

Postpartum management: All mothers with past: 
operative or nonsurgically. treated congenital heart 
disease should stay in the hospital 3 or 4 days for ob- 
servation and rest to complete the antibiotic course. 
Early ambulation is encouraged. Breast feeding is per- 
missible if desired except that there is some concern if 
the mother is taking propranolol or oral anticoagulant : 
agents.?? Management thereafter is the same as for 
other mothers. E 

Contraception: Advice regarding contraception is 
frequently requested. The safest and most effective - 
available mechanical method is the diaphragm. with | 
contraceptive gel. Because of the risk )iboem- 
bolism, the birth control pill i: : 
cially for cyanotic women and «hose 
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ied as an experimental | 
1 approximately every 3. 


onthan as SR contraceptive agent: in a number of high risk 


| patients and no problems have been encountered, al- 


though the Food and Drug . Administration has not re- 
D dense t this agent for generali use. | 






T Discussion. | x 
The ne in medical and surgical management 


D i of patients with congenital cardiac anomalies have in- - 


2 _ creased the number of women with cardiac problems in 
. the childbearing years. The impact and outcome of 
- pregnancy in these mothers and the effect of the 


b of concern.» 84 Today, ih improved comprehension | 
- of the physiologic and cardiodynamic responses to 
pregnancy and equipment to assist us, we can offer 
-. better results i in childbearing with more safety than in 
| earlier years. Mothers i in excellent condition, whether 


.. previously operated on or not, had a significantly more 


et favorable outcome of pregnancy than did those i in fair 
to poor condition. 


.. > Antibiotic harap The mother as well as the infant 
m must be protected throughout pregnancy, labor, deliv- 


ery and the postnatal period. Not everyone is in agree- 
* ment about using antibiotic coverage to protect the 
-. mother during labor and delivery, but it was a sad ex- 
... perience of one of us (R.W.) when three young mothers 
. died from infective endocarditis after an apparently 
~ uncomplicated pregnancy during the early years of ex- 
.. perience before this study when antibiotic agents were - 
. not given. Mothers may not remain under medical care _ 
long enough in the postpartum period for low grade, - 
oldering infections to become manifest, and so may 
n O e . Therefore. we strongly . 
h have | me same advan- | 








defects is a surprising finding because the rate is high 


Tents. 11, 23 “Measurement ot 2,3-d 
(DPG) and« oxygen affinity of fetal blo five cyanot 
women early in this study suggested thai, án the pres 


ence of severe maternal hypoxemia, the fetus adapts b; 





- an increase in 2,3-DPG and a decrease in blood oxygei 


affinity that facilitates the unloading of oxygen to th 
tissues.? At delivery, one readily observed compensator 


~ mechanism was the comparatively large placenta i P 
E comparison with the infant's size. This appears to b 
< mature's attempt to supply more oxygen to the fetus! 

and has previously been observed in women at high al 


titude.?? The birth weight divided by the weight of th 
placenta, stripped of extraneous membranes, was sig 
nificantly lower in the cyanotic women than in all othe 
mothers. The normal ratio is 6.0 but in cyanotic moth 
ers, it averaged 4.8, However, when these women wer 
rendered acyanotic by cardiac surgery, this watio becam 


normal and the infants were fully mature. 


In a few women with left-sided obstruction theres wa 
also a trend toward immaturity of the fetus, but thi 
outcome had no relation to surgery in the mother. Labe 
and delivery were often of most concern in this partic 
ular group. In the experience of this study, mothers i 
excellent condition, whether previously operated on c 
not, had a significantly better outcome of pregnang 
than that of mothers in poor to fair condition.. | 

Incidence of congenital heart disease in ofi 
spring: The high incidence rate of congenital cardia 
anomalies in the offspring of these postoperative an 


 nonsurgically treated women with congenital hea 





than the 3 to 5 percent rate previously reported.58 15, 
Explanations are not readily apparent. However, th 
was a pros ective. study i in which the infants 4 were es 


: Period of of Sen AT ues cardiologist who look: 


ac do vement but 1 Was also cone 


cule ep defect that t subsequently € closed ar 
observation: à | n 
The highest dene rate of cardic lie 
infants was in mothers with o itflow obstruc 
especially on the left side of the heart. The cong 





| “carding malformations i in bode te ne ded m 








ï omalies deserves notice. Y 























| x (to 13 5 — 
xci ED ` Conclusions 


; In the state of Connecticut, 2 233 women who had re- 
sived cardiac care for congenital heart disease were 
xamined by the same pediatric cardiologist during 


vere similarly examined at regular intervals through 
heir 3rd birthday. There was no maternal mortality i in 


hae 


hose with fair to poor cardiac function and of ar- 
hythmias were managed satisfactorily by close obser- 
ation and medication. Onset of labor was spontaneous 
n the majority of women. Cesarean section was per- 
ofmed primarily for obstetric reasons. — 7 


E. 
B 


one cardiac surgery. There was no significant differ- 
nce between the number of live-born infants in the 
urgical and nonsurgical groups with one exception: 
"hose with cyanotic cardiac malformations improved 
reparative surgery show ed marked improvement, not 
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t of ere with osa nén. v 
2 live-born infants of 233 women - 

| hen . 
enetic : defects. or familial net " 


heir pregnancies and deliveries, and all their children 


rebrovascular accident. Problems of heart failure in 


pproximately one half of these women had under- | 


t me S5 Strite L k: Congenital pi 





the mothers had reparative Tabet to idees d E 
in the placenta and fetus. This problem for infants of 


. cyanotic mothers is therefore due toan environmental 
factor and i is not a cati. swa 





were cael | ter ae e ardiac surgery. . Fewer 
unsuccessful pregnancies, car 


liac and obstetric com- - 

plications ` were observed i in women in excellent cardiac i 

condition. . : | 
Congenital heart defects were diim i in 16. 1 persent 





ofall infants, 17.9 percent born to mothers who were not . 


surgically treated, and 14.6 percent to those who were - 
postoperative. The significantly highest incidence rate 
of congenital: heart disease in infants was in mothers 
with obstruction to ventricular outflow: more in those 
who had not had cardiac surgery than in the postoper- 
ative women and more in those with left-sided ob- 
struction than in those with pulmonary stenosis. 

This prospective study demonstrated that women: 


"with congenital heart disease have an increased risk of | 


having children with congenital cardiac anomalies, a risk - 


not significantly affected by surgery and: ‘one that is 


considered to be of genetic importance. 
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pathologist writing an epilogue on postoperative 
ediatric cardiology reflects in an inverse way on the 
iking progress that has been made in this field. Mary 

| en Engle and Joseph Perloff, who invited me to write 
his piece, suggested that I concentrate on personal 
xperiences. Thus, I review some experiences of the past 





wn experiences and, in doing so, I shall not refer to the 


pecific and significant contributions of others to our 


resent knowledge of the pathology of congenital heart 
ease. Nevertheless, it would be inappropriate to omit 
le names of others who, during the period involved, 


h ave provided numerous additions to our understanding | 


of the pathologic complexities of the area simply called 
congenital heart disease. Particular recognition should 
paid to Maurice Lev, whose work in the field antedates 
amy own. Properly added to Lev’s name are those of 
ichard Van Praagh, Robert Van Mierop, William 
berts, Jack Titus and Saroja Bharati. 

n 1946, after almost 4 years of active duty as a pa- 
) ologist i in the Army during and after World War II, 
was invited to join the Mayo Clinic staff. Here I found 
dequate material, a willingness of the institution to aid 
in his work and, in particular, an accumulation of 
ple from whom a team, without committee planning, 















vascular disease to be generous in sharing their 
al knowledge and skills with those in other sub- 
i ilties, recognizing that interchange of ideas is a 
us s for. Drogebas- progres to the PORE where the 










tions were decortication for con- 










Smin Avenue, | 





5 years as a pathologist whose work involved the field 
congenital heart disease. T shall concentrate on my- 





lly. developed. I found those people involved in 


egi ihe s two dur opera- = 
done at the Mayo Clinic and in- 


t Pathology, United Hospitals, S st Paul; Minge: | 


St Paul, "Memes 


stribtiss sieticarditis gud ligation. of patent ductus: an 
teriosus. Although the Blalock- Taussig operation had . 


been introduced i in 1944, two years earlier, this proce- 


dure had not yet been carried out at the Clinic. Cardiac - 
catheterization ; as à clinical tool was yet to come, and 
open heart surgery was far beyond the horizon. —— 

The driving force from which a team ultimately de- 


veloped came from Howard Burchell, an established . 

. cardiologist with personal experience in both physiology . 
and pathology. It was Burchell's capacity to speak the . 
language of the basic scientists and his imagination and 


drive that: served foremost to: knit the fabric of a car- 


ie diovascular team. It was he who stimulated my interest 


in various correlations based on a pivot of pathology. 
Important were the many persons who showed me the 


i io 


relation between their ERperuy and pathology, nus d | 





symptoms and. d dli incat d findings to MIT was s high- : 
lighted by. James DuShane. 
By 1955, when the first open hearts operation was to. 


be o dones John Kirklin had nire himself of existing 

























| Siem am c aad death deem to be. of F respiratory or- 
w Rem 7 

ut It became evident that the pump: -oxygenator was not 
E the only requirement; a unique type of complex post- 


U operative care was also needed: The surgical procedure 


| was a continuum from the operating room into the 


-postoperative bed and beyond. Major credit is due John 
2 Kirklin for his vision and drive in setting up a special . - 
. unit for postoperative cardiac surgical patients. Today, ~ 


c cardiac sürgery without a postoperative . intensive care 
. unit would be unthinkable. In such units today specially 


_ trained personnel using appropriate equipment give full 
d expression to the "successful operation." 


^ H was my good fortune to be associated with two pi- 
oneer groups in the field of congenital heart disease. The 
- gecond association occurred in 1960, when I moved to 
~ the University of Minnesota. I was cordially received by 
Richard Varco and C. Walton Lillehei, whose experience 
-inopen heart surgery antedated that of Kirklin by 1 
year. The new setting provided a stimulating experience 
-: both with these surgical pioneers and with their clinical 
counterparts, Paul Adams and Raymond Anderson. 
: These associations. contributed additional ideas and 


-created a vital laboratory to which young people inter- 
- ested in clinical pediatric cardiology came and continue 


v : to come in order to gain insight into abnormalities of the 


.. heart—both the anatomic states and their various 


-- a and surgical counterparts, 


Present Problems: s Resulting From 





Cardiac Surgery 


resent time, n I EEO of a ? hae after 


; me ae he than 





open heart surgery. The 


nonary vascular disease 
4 vidente suggests that it 


À specific Po is Sie patient miha 'comy 
transposition of the great. arteries who has survived d 
some years after a Mustard repair or functionálly simil 
operation. Troublesome problems remain in some 
these patients. These include pulmonary venous h 
pertension, not universally established as resulting | from 
postoperative stenosis of the pulmonary veins. T 


common matter of postoperative superior vena cal 
obstruction remains an enigma both as to its long-rar 


effects and as to means of preventing this complicatic n 


of the operation. 


Although there has been noticeable improvement. in 
the general management of the young infant, not all the 
problems have been solved. The respiratory tract still 
remains crucial, with compounding factors of effects of 


tracheal intubation, thoracotomy and, in those condi- 


tions with pulmonary hypertension, compression of 
bronchi by pulmonary arterial segments. | |n 

A specific challenge remains in the fairly commun 
condition of persistent common atrioventricular canal. 
Surgical techniques are taxed by the great variations 
among these cases, variations such as the amount of 
ventricular septal deficiency, amount of. availal le 
atrioventricular valve tissue, chordal insertion; size of 
defects, conduction system and associated pulmonary 
vascular disease. 

The concepts and surgical competence of using con- 
duits of man-made materials fall short of accomplishing 
the development of a healthy adult from a sick infant 
or child. Quite apart from the problem of lack of grov 
of such ducts, there is a more immediate problem, t 
of the common formation of a lining pannus that le 
to obstruction of important lifelines. Dwight Met 
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ative naga and residua buowa to e 
time. The pathologist has a part to play 
of areas for improvement and in maki 





derived from his observations and conc 


will be made not only by persons no 
field but also by those who are Dad: en 


ver 
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Ce ibmelitary on TN bond 
rious authors in this Syr osium, organized by Mary 
Hen Engle and Joseph K. Perloff, would certainly be 
edundant. Both Edwards and Nadas have speculated 
ith great perception on the changes that have already 
occurred and will certainly continue to occur in the 
-— population of patients with congenital. heart disease who 
~ reach adult life. The surgery of congenital heart disease 
- o has progressed from the simple closure of patent ductus 
QU.  arteriosus i in 1937 to the vastly complex science and art 








that it is today. Persons with congenital heart disease 
S entering adult life have been different in each decade 





~ that has passed, and I don't doubt that they will still be 
different i inthefuture. |. 
~.  — Let us take coarctation of the aorta as an example of 
these continuing changes, the solutions they offer and 
. . the new problems they bring. During the first 5 years of 
/.. this operation, most of the patients were older children 
.. and young adults who went into their subsequent adult 
.. life for the most part greatly improved but sometimes 
^ with persisting hypertension. In the several decades that 
-< followed, emphasis quite. appropriately focused on 
_ . performing the operation in infancy and childhood. As 
a result of this era, many patients entered their adult 
UE life with. persisting or recurrent coarctation, and with 
oe greatly. increased systolic pressure gradient across the 
|... coarctation on exercise. Currently, nearly all patients 
o are being operated on in the 1st few years of life, and 
many of them with the subclavian flap operation. Al- 
though we hope this will result in these patients’ en- 
tering adult life with a very small incidence of persistent 
coarctation or recoarctation and a small incidence of 
il hypertension, it will require continued study to 
whether fus will be Hee case. ». And will there 
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| material Pangi by the ` 
years of life. Therefore, it will become progressiv 
‘more rare, in advanced countries at least, for 


ment of severe conditions such as pulmonary atresia 


. was returned to a uterus that was kept : 


2 of. a scientific iin Teg 


back closer to the time when the i in 


mingham, Alabama ^ | eds 
29 | fetus as à human being hasa eady been c ques on 
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cardiologists to have any familiarity with untreate 
operable congenital heart disease. For humanity 
is an advance, but in some ways it isa loss of an imp 
tartt segment of knowledge and interest for the as 
cardiologist. As the adult cardiologist becomes less : 
less familiar with congenital heart disease for all 
reasons, we may see a formalization of the arrangement: 
whereby these patients are followed into adult Hen 
the pediatric cardiologist. x 

Such losses of knowledge may develop i in quite an- 
other way. As more information is accumulated con- 
cerning the early and late results of the surgical treat- 















with intact ventricular septum, interrupted aortic atch 
with its associated complex cardiac anomalies, and 
hypoplastic left heart syndromes, and as the demands 
on society's resources continue toi increase, we may je 
forced to report to society's governing bodies the pro- 
cedures that are "cost-effective" and those that are not. 
If so, we may once again enter an era in which few babies 
born with these very compiles malformations ives to 
reach an olderage.  . D 

Future problems: Surely, pushing back the ag ( f 
operation toward the early days and weeks of life will 
not end there. I predict that diagnostic studies will be- 
come more and more specific for the fetus. I furthermore 
predict that in the foreseeable future at least some 
cardiac surgery will be performed on the fetus b 
birth. Imagine the joy of postoperative care man 
by a cardiac surgeon who has operated on a feti 
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‘he stellar toster of adult dnd Dédiatiie EUM 
as well as cardiovascular < surgeons contributing to this 
Symposium guarantees its excellence. The quality of the 
yresentations, as well as the broad areas the editors 
argeted for discussion, leaves little to be said in the 
Epilogue. I have chosen to speculate briefly about the 
uture of adults who were operated on during childhood 
or their congenital cardial malformation in the 1950s 


ind. 1960s and to attempt to contrast their fate with- 


hose children whose surgery was, or will be; performed 
3 the 1970s and 1980s. 3 


. Physical and Emotional Growth 
And Development 


In papers, the patients in this decade and the pre- 
vious one were much younger at first operation than 
were patients in the two previous decades. Also, the 
ypės of operation shifted quite clearly from palliative 
to corrective procedures. This trend is easily discernible 
ven within the decade of existence of the New England 
Regional Infant Cardiac Program. As a consequence of 
e changes, I believe our patients will be better de- 
loped adults, physically as well as emotionally. There 
vidence from the animal work of McCance, as well 
urown experience with the growth and development 

ar infants undergoing early corrective surgery, that 
correction of nutritional deficiencies, whether due 
r intake or increased metabolism, will result in 
growth and development. I also believe, al- 








Shaded evidence is yale that E 


th the early fom child sia a ihe ond 


r hes have , a EE impact. The 
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definitive: one. i Parehür don not haved to wait for hes sec- 
ond shoe, the second operation, to drop. T believe, then, 
thatour babies being operated on now may have fewer : 
adaptations to make in their lifestyles than those made 
by the children. we looked after in the 1950s and the 
1960s. ‘They will be able to meet the challenges of 


adulthood on an equal footing with their peers, get jobs 
and be insured like everybody else. 


Somatic benefits from early corrective surgery: 


. Over and beyond the general difference of physical and 
— emotional growth and development, Ibelieve there will 


be real and specific somatic benefits from early correc- 
tive surgery. I believe that pulmonary vascular disease. 
(the Eisenmenger syndrome), at least in the Western 
world, will disappear for all practical purposes. Already, 
the differences are very obvious between the patients 
one sees in childhood and adolescence in this country 
and patients in other parts of the world, where : aggres- 
sive management of congenital heart disease was not a 
high priority item until recently. During « a trip to the 
People's Republic of China 2 years ago, we saw a large | 
number of teenagers with a huge heart, markedly i in- 
creased pulmonary vasculature, slight. cyanosis and 
right ventricular hypertrophy, the typical Eisenmenger 
picture so rarely seen in our own clinics these days. With 
the 2 of pulmonary ) vascular gae the | 


will not see he later rene 
cyanosis and the ugly li 
raasing te to our. older pal 


o to o function. ] 













t urn, T atrenle, bene OBEN o 
Ü left heart; and some much less common lesions, adding 
up to almost. 40 percent, the vast majority of whom 


x would not survive to childhood if not surgically treated, 
e (2 who most likely will continue to challenge the skills of 
internists of the future. We are traveling on uncharted 
Seas with these patients; they represent a group who 
-~ never before survived in large numbers to adulthood. 
; v And they will continue to challenge t the cardiologists. 





- to be busy treating adults with congenital heart dise 

The problems will: probably be only slightly less m 
- merous and qualitatively not too different, but the t pi 

tients presenting with these problems will most like] 


hy t fie = more than 50 percent. E 
ital hea art disease. However, 








vista ad. cardiovascular ue with the th will probably co 


have different. anatomic diagnoses. One will also hav 
to reconcile oneself to the fact that, in a sizable minorit 


- ofthe cases, no matter how early one operates, no matte 


how effective the initial intervention, the possibil y í 





the need for additional surgery cannot be exclude 


Therefore the cardiologists and cardiovascular surgeor 
of the future can expect that, even if coronary arter 
disease were to be wiped out tomorrow, there will t 
problems in adults. with surgically treated congerit 
heart malformations. | Dr 
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FIGURE 2. Diagram showing the effects of atherosclerotic narrowing 
on myocardial consequences of coronary embolus. The embolus may 
impact proximally in an artery whose lumen is narrowed by athero- 
sclerotic plaque (right) and distally in a nonatherosclerotic artery of 
identical initial size (left). Arteries: LAD = left anterior descending; LC 
= left circumflex; LM = left main; R = right. (Reproduced with per- 


mission. ') 


FIGURE 3. Left main (LM) coronary em- 
bolus in a 37 year old man (DCMEO #82- 
03-337) who was found dead in his hotel 
room. Left, diagram of coronary tree. The 
left anterior descending (LAD), left cir- 
cumflex (LC), and right (R) coronary arteries 
are free of atherosclerotic plaque. Center, 
embolus (arrow) in the ostium of the LM 
coronary artery. Right, fragment of fibrin- 
platelet embolus in the lumen of an in- 
tramural coronary artery. Microinfarcts 
were present in the left ventricular wall. L 
= left, P = posterior, and R = right aortic 
sinuses. Movat stain; magnification X 150, 
reduced 32 percent. 


FIGURE 4. Diagram showing an embolus to the left main 
(LM) coronary artery via a valvular-competent patent 
foramen ovale after presumed elevation of the right atrial 
(RA) pressure from massive pulmonary emboli in a 48- 
year-old chronic schizophrenic man (DCMEO #81-04- 


261) who died suddenly while hospitalized 


testinal bleeding of undetermined cause. AD = anterior 
descending; Ao = aorta; IVC = inferior vena cava; LA = 
left atrium; LC = left circumflex artery; R = right coronary 


artery; RV = right ventricle. 


EMBOLUS TO THE LEFT MAIN CORONARY ARTERY—WALLER ET A 


because of the poor runoff through it (Fig. 1). Occlusic 
of this branch may in turn lead to secondary thrombos 
of the major coronary trunk, and this complication m: 
produce myocardial necrosis. Thus, secondary thron 
bosis of the proximal feeding coronary artery is a p: 
tential complication of coronary emkolism. 

A second and less important factor determining tł 
consequence of coronary embolism is the status of tk 
coronary arteries before embolism. An embolus to 
previously wide-open coronary artery is most likely t 
migrate distally, but because collateral vessels betwee 
the epicardial coronary arteries are relatively poo 
myocardial necrosis or ischemia may nevertheless occt 
(Fig. 2).! An embolus of the same size migrating to 
previously severely narrowed coronary tree is muc 
more likely to impact proximally and thus lead to suc 
den death (Fig. 2), despite the collateral vessels that a1 
likely to be present in this circeumstance.? 
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EMBOLUS TO THE LEFT MAIN CORONARY ARTERY—WALLER ET AL. 
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FIGURE 5. Left main (LM) coronary embolus in a 49 year old man 
(A70-205) who died during cardiac catheterization. Top, diagram of 
coronary tree with severe narrowing by atherosclerotic plaque of the 
left anterior descending (LAD), left circumflex (LC), and right (R) coronary 
arteries. Bottom, fibrin-platelet embolus (arrow) protruding from the 
ostium of the LM coronary artery. Aortic sinuses: L — left; P — posterior; 
R = right. 


Embolus to the left main coronary artery is extremely 
rare, and no previous report has focused on fibrin- 
platelet emboli to this artery. One report? described a 
myocardial embolus to this artery. During the past 2 
years, we studied 2 men, aged 37 and 48 years, who had 
fibrin-platelet emboli to the left main coronary artery, 
causing sudden death in each. In both, the major coro- 
nary arteries were essentially free of atherosclerotic 
plaque. The source of the embolus in 1 was unknown; 
in the second, the source was peripheral venous thrombi 
which crossed the atrial septum (paradoxic embolus) 
(Fig. 3 and 4). A third patient, a 49 year old woman 
studied in 1970, had an embolus to the left main coro- 
nary artery during left-sided cardiac catheterization?^ 
(Fig. 5). The latter patient had severe narrowing by 
atherosclerotic plaque of all the major epicardial coro- 
nary arteries. 

Thus, embolus to the left main coronary artery is rare 
but usually fatal. 
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the absence of hypoxemic spells is not surprising. 





nderwent rapid atrial pacing during routine catheter- 






ther (1) a reduction in arterial oxygen saturation with pacing, 


ryocardial metabolic changes. The first group comprised 
atients with typical tetralogy and "reactive" infundibular 


over one half of these children. The second group contained 


onary atresia with extensive aortopulmonary collateral 
hannels; none of these had a history of anoxic spells. 

_ Thus, in classic tetralogy, the stress of atrial pacing, of ex- 
_ercise and, o£ course, of anoxic spells decreases pulmonary 
_blood flow acutely resulting in severe hypoxemia and its 
metabolic changes. If large collateral vessels are present, such 
-. reduction i in pulmonary blood flow is presented. 

Beat Friedli, MD 

Clinique Universitaire de Pédiatrie 
Geneva, Switzerland 

Lionel H. Opie, MD 

Groote Schuur Hospital 

Cape Town, South Africa 





kat HC. Collateral vessels between the coronary and bronchial arteries in patients 
anotic congenital heart disease. Am J Cardio! 1980;45:599. 
jJaenni B, Moret P, ‘Opie LH. Myocardial metabolism in cyanotic congenitai 
ease. at rest and during atrial pacing. Circulation 1977; 55; 647- 52. 


hat the flow AN ihe coronary bronchial collateral | 
is not enough to explain the absence of hypoxemic | 
in some patients with cyanotic congenital heart 


“hese collateral channels, however, can provide a 
increment to pulmonary blood flow; by. comparing 





f ath pee teral vessels with that of the a itis 


igen ie Ob arteries | in oe with nae l 


oda ve y "ikv that aD collateral coos increase - 


rk connecting systemic to pulmonary arteries. In that | 
astudy of patients with. cyanotic congenital heart disease - 
jon, we? were able to differentiate two types of response: ET 
ccompanied by signs of myocardial anoxia (lactate produc- = 
on), or (2) no change in arterial oxygen saturation, with no 
enosis and few collateral arteries; cyanotic spells occurred. 


atients with either predominantly valvular stenosis or pul- - 


tients with coronary arter se 
phi coronan revascular ation 

























fraction n decreases dais atrial saan dy ou age 









os Dan Tenon MD 
"Avraham T. "Weiss, MD. 
Mervyn S. Gotsman,. MD 
2 Henry: Atlan, MD, PhD - ER i * 
. Department of Cardiology and Medical Biophysics u 
. Hadassah pu d hospital 2 S 
a Jerusalem, Israel | 


, References - 


1: Ricci DR, Onlick AE, Alderman EL, angles NB m Daughter or Stinsons EB. infec 
of heart rate on left ventricular ejection fraction: R human beings. Am * Cardiol 1979; : 
44:447. 


2. Tzivoni D, Weiss AT, Bakst A otal, Multiple gated blood pool ciudad scan during fight : 


atrial pacing: a sensitive method to 3 detect myocar ischemia: (abstr). Am J Cardiol E 
1980;45:408.. EGO S is 


REPLY 


Our patients were dither. cardiac allograft. recipient or. rpa- 
isease who had undergone com- 
: č is poss sible that the pros, ` 








our r Table D, pee are he's res 
similar number of studies: 
lieve > that, while some cO 





we 


akin i ; yout for j your contribution ins 


"T atitude is to all American s physicians, Whose" 
kl ly y confirmed that this. 











international sy physiologi ae te TEE adva 





PROGRAM CHAIRMAN 
- ROBERT N. SCHNITZLER, M.D. 
Associate Professor of Medicine 
, University of Texas 
: Health Science Center 
San Antonio, Texas 
GUEST FACULTY 


- ^ BAROLD, SERGE S$., M.D. 
> Associate Professor of Medicine 
University of Rochester 
^ sr Chief of Cardiology 
Genesee Hospital 
"Us Rochester, New York 
> BYRD, CHARLES, L., M.D, 
 Assistafft Professor of Surgery 
University of Miami 
2c Miami Beach, Florida 
COX, JAMES, L., M.D. 
_ Assistant Professor of Surgery 
Duke University 
«Durham, North Carolina 
FISHER, JOHN D, M.D. 
os Associate Professor of Medicine 
- oo Albert Einstein College of Medicine 
©- Adjunct Attending Physician 
:.... Montefiore- Hospital Medical Center 
us New York, New York 
«| GOLDREYER, BRUCE N., M.D, 
- Associate Clinical Professor 
of Medicine 
-University of Southern California 
School of Medicine 
Los Angeles, California. - 
ARTHORNE, J. WARREN, M.D. 
sociate Professor of Medicine 
iV d Medical Seren 































JOSEPHSON, MARK E. M.D. 
Associate Professor of Medicine 
University of Pennsylvania 
School of Medicine 

Chief Cardiovascular Section 
Director, Clinical Electro- 
physiological Laboratory 
University Hospital 

University of Pennsylvania 
Philadelphia, Pennsylvania 
KAPPENBERGER, L.J; M.D. 
Senior Registrar in Cardiology 
Department of Internal Medicine 
University Hospital 

Zurich, Switzerland 

LEVINE, PAUL A., M.D. 
Assistant Professor of Medicine 
University Hospital 
Massachusetts 

Teaching Fellow 

American Heart Association 
MESSENGER, JOHN C., M.D. 
Director - Critical Care Medicine 
Long Beach Memoria! Hospital 
Long Beach, California 
MUGICA, |, M.D. 

Centre Chirurgical Du Vai D’Or 
St. Cloud, France 


RAINER, W. GERALD, M.D. 
Clinical Professor of Surgery 


University of Colorado 


Denver, Colorado. 
THALEN, H.J. TH, M.D. 


Department of Cardiology 
. University Hospital . 
| Se The Netherlands ! 


Un ode Q4 RM) A 


Registration is. limited. 


LAE 
A. 
3. 
4. 





oe PROGRAM DESCRIPTION. 
BREAKFAST TECHNICAL SESSIONS - 


Factors effecting pacemaker longevity. 
Advanced microprocessor technology. 
Power sources: Past, Present, and Future. 
Pacemaker sensing Concepts. : 


LUNCHEON PANELS: POINT/COUNTERPOINT 
(The experts discuss controversial topics) ..— 


t. 


ps 


3. 


Should physicians be certified to implant pacer systems 
Are pacemakers becoming too complicated? | 
Have you selected the. proper pacing mate: 


SCIENTIFIC SESSIONS: 


* 


Tachyarrythmia Electrophysiology vu 
` Control of Tachycardia with Conventional | T : 
ee of bei due with h speriat, An 


DAY 1 | 


. Hospital: Evaluation 

. Indications of Single and Dual Chamber Pacing 
. Types and Modalities of Pacemakers 

. Pacing Hemodynamics TM 

. implantation T echniques | a 


DAY IF 


. Use of Analyzers and Their Drawbacks. Ü 

. Single and Dual Chamber ECG Analysis 

. Complications in Analyzing Pacemaker ECG's. 

. Benefits of Telemetry: in Patient/Pacer Analysis 
DAYHL =. d 

: Considerations: and: Complications being ti the: 


DDD Pacing Mode 








atient Therapy 
ach Pacemaker: 
he Patient 



















al contributions Tu 


an by. a grant fro 





Make checks nabe k to: | 
CCMER - PACEMAKER. SYMPOSIUM | 


o | | IF ADDITIONAL INFORMATION IS REQUIRED 
| ACCREDITATION s Ds | | 0 0 CALL 213) 247-3093 





i NS: This course offering is approved. for up: to 24 hours: 

egory 1 credit toward the Physician Recognition Award of the 
erican Medical Association. NU a SOCIAL SECURITY NUMBER Ng 
* American Academy of Family Physicians. applied for. | 7 eee 
- NURSES: Approved for 20 contact hours of continuing education. "m EC A Duis 
Provider t No, «n 369, BRN State of California. ou | LAST NAME | FIRST TTMIDOLE. 3 0 UA 


REGISTRATION — a ORC EI 


REC SDN PHYSICIANS & . | OTHERS "HOME ADDRESS 
— INDUSTRY | "E | 





by October 1 
by December ub 


AREACODE DAYTIME PHONE. 


NIGHTTIME PHONE l LICENSE NU 


oviding a multidisciplinary 


ascular medicine and surgery 





pees 
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SPRING each year what's new with well-established data, arming the reader with a per- 
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developments in cardiology — 665 papers use of illustrations and original tables condenses valuable information 





into instantly understandable knowledge. 
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Q-SCAN TELLS ALL. 


critical time periods. Simply choose the 
time you'd like to examine. Q-Scan will 
automatically expand and print those 
scgments. Or, you can evaluate the trace 
full-size on standard ECG paper, using 
the optional chart recorder. 

For your convenience, Q-Scan also 
has an optional Arrythmia Detection 
Program. It gives you an hour by hour 


INTRODUCING 


Now you can look at every single 
heartbeat of your patient's day — with- 
out wading through complicated charts 
or relying on mechanical analysis. Be- 
cause now there's Q-Scan, a new full- 
disclosure Holter monitoring system 
from Quinton. 


Theinformation you need 

in a simple-to-read format. 

Q-Scan was designed to make the 
best use of both your time and exper- 
tise. It doesn't make value judgments. 
Instead it gives you a// the infor- 
mation you need to make your 
diagnostic decisions. 

In just six minutes, it accurately 
reproduces every heartbeat from a 24- 
hour period in a simple- to-read 
report. You can print the entire 
24 hours. Or just those segments 
that interest you. 

Q-Scan gives you a choice of 
paper, too. A high-speed ultra- 
violet printer is standard, with a 
hard copy printer available as an 
option. An innovation in Holter 
monitoring, the hard copy printer 
gives you permanent black and 
white copies on inexpensive paper. 





THAT NEVER 
MISSES A BEAT. 










Magnification of key 
diu segments. 

4 With Q- Scan, you have the 

option of taking a closer look at 


THE HOLTER SYSTE 





summary of abnormal beats and 
average heart-rate in a simpile-to-read 
report. Abnormal beats are counted 
and classified in premature and wide, 
premature and narrow, and couplet, 
run and non-classified categories. 


Hospital proficiency. 
Office economy. 

With Q-Scan, you can generate tc 
quality diagnostic information right ir 
your office — without special staffing « 
training. Q-Scan is simple to use 
And priced to be affordable for 
almost any practice. With a lowe 
cost per test than outside services. 

Most important, Q-Scan is man- 

ufactured with the same quality anc 
dependability that's made Quinton 
the leader in cardiac electronics. 

For information on Q-Scan or 

Quinton's Q family of products, cai 
or write Quinton Instrument 
Company, Cardio Fitness Division 
2121 Terry Avenue, 

Seattle, Washington, 98121, 
1-800-426-0347, Telex 328840. 
Distributed worldwide. 
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- 2. Bretylol also suppresses reentry, a. major `> 


.. the fibrillation threshold... it reduces the energy required 
. for defibrillation3.4* Another critical difference in the 
-= Bretylol mechanism of action. 


- That's why it makes sense to use Bretylol to 


in the first few minutes of acute VF episodes. 7 
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During the two or tines TES ase. ee te. «t 2 5 unm 
conversion of ventricular fibrillation, 8+ 13 «Bit a n 
the patient may still be electrically $ d Be 
unstable. During this critical high risk period; a 


episode of VF may occur, completely nh eralded, 


Good reasons to keep the VF p en. AS 
on Bretylol follow-up: therapy! ES | 
1. Bretylol raises the VF threshold almost; —. | 
three times control, ‘protecting the heart ee j iu 
from fibrillation’* — ee : 
_ No other agent has this dramatic effect." y "Ej 4 — 
à LENA 
cause of VF by helping. to LIH ue E 
electrophysiological differenc | 
and normal ventricular tis Sl 
No other agent. can do th his 


And, Bretylol offers ; added Bary Ko ee 
acute episode, too, _ ee NOS 
Bretylol, a first-line agent in the acute Control of VF, should be used 

in the very first stages of VF, as $ SOON as cardiopulmonary resuscitation Hi tj oS: ae 
and countershock have been attempted. Bretylo! not only raises j ors | y m ES 
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maintain stabilization in the CCU, as wellas < NETS f a A ELSE 


There are no contraindications 2 MM ira di a Tou ERA ios 
to the use of Bretylol in VF. TM MEE PT UM: pu dM Ag een 
Hypotension and postural hypo- — | [| 3 b. T 
tension have been the most => » GM xU Ñ | 4 WY : E 
frequently reported adverse; | x ANM EROLISR Y M. PX Coo ad 
reactions. Consult brief summary MFg WON PLE. p 

of prescribing information on the 
following page. 

For further information, please contact the 
Medical Services Department, American 
Critical Care, a division of American Hospital 


Supply Corporation, 1600 Waukegan Road, DEI vr. 
McGaw Park, IL 60085, Phone 312/473- 3000. LO né ac vallo 
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Evaluate heart valve abnormalities safely and 


prety effectively with noninvasive Cardiac Doppler. 


EM of | CP 


CARDIAC DOPPLER 


RR ETY als ndicatt | in the treatment of lifa-threa ening 
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Use of BRETYLOL should be limited to intensive care units, coronary 
` h 1 whe nel 
noni ng ardiac arrythmias and pessi avalia 
y j 
Following injection of BRETYLOL there may be a delay of 20 minutes 
tC 2 hours in the anset ‘ ant ar hythn 3 "ihn although it appe ar ' 
al n ' trie fih T pla n afiar 
to be longe: after intramuscular than after intravenous injection 


CONTRAINDICATIONS — There are 
arrhythmia: T1 


WARNINGS —1. Hypotension: Administration of BRETYLOL regularly 
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by BRETYLOL. Volume expansion with blood or plasma and correction of The Sonacolor CD system uses real time spectral display of 
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2, Transient H atensi di dF f Arth . . war . 
mias: | wa » rtm ion se ol D ginge quality diagnostic information on blood flow through all four heart 


Janglio ve terminals by BRETYLOL. transient hypertensior valves. Doppler flow velocity signals are detected and the 
increased frequency of premature ventricular contractions and other spectrum is displayed in color and in real time. 


rhythmias may occur in some patie 
3. Caution During Use with Digitalis Glycosides: | 
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This simple, noninvasive system evaluates the amount of leakage 
When a lite threatening cardiac arrhythmia occurs in a digitalized patient through incompetent valves and provides an estimation of 

BRETYLOL s jid be used only the et gy of the arrhythmia does not pressure drop in stenotic valves. In addition, it has the potential for 
cone dn O Ni ation oft s zm Minis duis a x evaluating blood flow velocity through coronary grafts and shunts 
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4. Patients with Fixed Cardiac e Output: ananta wilhifitar barca Each valve has a different characteristic pattern that can be easily 
output (ie. severe aortic steno vere pulmonary hypertensio recognized and varying degrees of abnormalities are readuy 
BRET YLOL ^^ould be avoided since severe hypotension may rosu om ] identified. 


peril Y resistance without a compensatory increase 
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USE IN PREGNANCY The safety of BRETYLOL in human pregnancy Doppler flow velocity patterns. Measurement cursors can be 
has not been established. However, as the drug Is intended for use only positioned at various points to quantitate useful heart and valve 
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life-threatening situations, it may be used in pregnant women when it performance indices. 
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fore, the diluted solution should be infused over a period greater than 8 

pe n ninutes. In treating exi sting ventricular fibrillation BRETYLOL should t 

en as rapidly as possible and may be g thout dilutior 


2. Use of Various Sites for botieuniedi injection: When injecte 

intramuscularly, not more than 5.mi should be given in a site, and injec 

tion sites should be varied since repeated intramuscular injection int 
te may Cause atrophy and necrosis of muscle tissue, fibr 

vascular degeneration and inflammatory changes 

3. Reduce Dosage in Impaired Renal Function: Since BRET 
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For over twenty years, American Edwards 
has been seeking solutions to the need for 
the ideal heart valve replacement. 

The result of this commitment is an engi- 
neering philosophy that considers every 
aspect of material selection and design for 
its impact on total valve performance. From 
biocompatibility of materials, to tissue 
preservation methods, to superior hemo- 
dynamics, no detail is left unaddressed. 

At the heart of our unique valve design 
is a wireform stent. It's engineered with 


built-in flexibility at both the orifice and the 
commissures intended to absorb the stre 
of loading shock caused by constant leaf 
let motion. 

Unlike polymer stents, there is no evi- 
dence to date of fatique-related deformat 
over time. 


From Heart to Heart 

A wide range of wireform diameters allo 
us to adjust each stent to the natural, str 
tural geometry of the porcine valve. Care 
mating of the wireform to the tissue pre- 





eserves natural leaflet coaptation and total 
functional integrity of the porcine valve, 
"while allowing a favorable annulus to orifice 
ratio for superior hemodynamics. 
Following manufacture, every valve 
is hydrodynamically tested to ensure that 
flow characteristics and coaptation have 
veen maintained. 


Developed by a Surgeon for a Surgeon 
sOur appreciation for the complexities facing 
ihe surgeon has led to continual refinements 
gn valve design. From true valve sizing 


to the scalloped aortic sewing ring and 
asymmetrical orifice for proper annulus 
seating. .. we engineer to make a tough job 
just a little easier. 

smoothly tailored struts and meticulous 
finishing detail combine with aortic and 
mitral valve holders to facilitate easy han- 
dling and suturing. 


Standing the Test of Time 

To date, an estimated 85,000 Carpentier- 
Edwards Bioprostheses have been implanted 
worldwide. After seven years of widespread 
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clinical use, the results speak for 
themselves. 

Patient quality of life. . .it's a goal we re 
committed to. 

Refer to product cata sheet for current 
warnings, precaution.:, and instructions 
for use. | 

For more information, please contact: 
American Edwards Laboratories, Division 
of American Hospital Supply Corporation, 
PO. Box 11150, 17221 Red Hill Avenue, 
(Irvine) Santa Ana, CA USA 92711 





` 


For stgady maintenance following 
cardioversion of supraventricular, _ 
ventricular, and atrial tachyarrhythmias 


a Maintains normal sinus rhythm 
a Full quinidine cardiodynamics 
a Greater gastrointestinal . »lerance | | 


than with quinidine sulfate* 


m Convenient b.i.d. or t.i.d. dosage 


*Bibliography available upon request 


INDICATIONS AND USAGE. CARDIOQUIN Tablets are indicated as maintenance therapy after 
spontaneous and ele: trical conversion oí atrial tachycardia. flutter or fibrillation and inthe treatment 
of premature atrial a’ d ventrcular Contractions, paroxysmal atrial tachycardia, paroxysmal A-V 
junctional rhythm, au i! flutter, paroxysmal atrial fibrillation, established atrial fibrillation when 
"bot eal e ah cart and paroxysmal ventricuiar tachycardia when not associated with complete 
heart .CONTRAINDICAT!ONS: History of hypersensitivity to quinidine, compiete A-V block, 
complete bundie branch block or other severe intraventricular conduction defects n ,asthenia 

ravis. arrhythmias asscciated with digitalis toxicity. WARNINGS: In the trec* nent of atrial 

brillation with rapid ventric: ia’ response, use digitais to control ventricular rate pr: x to admanistra- 
tion of quinidine. in the treatment of atrial flutter, reversion to sinus rhyth),. ; ay be preceded by 
progressive reduction in the degree of A-V block to a 11 ratio resotung in an extremely high 
ventricular rate. This potential hazard may be reduced by digitalization prior to administration of 
quinidine. Potentially toxic digoxin plasma levels may occur when quinidine is administered 
concurrently. Consider reducing digoxin &« sage and monitoring for digitalis toxicity. Evidence 
of quinidine cardiotoxicity (increase P-R and Q-T intervals, 50% widening of ORS, and/or 
ventricular ectopic beats or tachycardia) mandates immediate discontinuation of the.drug, and/or 
close clinical and efectrocardiographic monitoring. NOTE: Quinidine effect is enhanced by 
potassium and reduced in the presence of hypokaie nia, Quinidine should be used with extreme 
caution in the presence of incomplete A V block. Since complete block and asystole may result 
Quinidine may cause abnormalities of rhythm in digitalized patients; therefore, it should be used 
with caution in the presence of digitalis 'ntoxication. Caution is also called for in patients exhibiting 
renal, cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine in 
plasma. PRECAUTIONS: A prehminary tes! dose of a single tabiet of quinidine sulfate may be 
administered fo dete: mine if the patient has an idiosyncracy to quinidine.. ECG monitoring and 
determination of plasma quinidine levels are recommended when doses greater than 2.5 9/day are 
administered. Periodic blood counts and liver and kidney function tests should be performed during 
long-term therapy. 
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DRUG INTERACTIONS OF QUINIDINE 


DRUG 

With anticholinergic drugs 

With cholinergic drugs 

With carbonic anhydrase inhibitors, sodium 
bicarbonate. thiazide diuretics 

With coumarin anticoagulants 

With tubocurare, succinylcholine and 
vecamethonium 

Wilh phenothiazines and reserpine 

With hepatic enzyme-inducing drugs 
(phenobarbital, phenytoin, rifampin) 

With c'goxin 


EFFECT 

Additive vacgolytic effect 

Antagonism of cholinergic effects 

Alkalinization of urine resulting in c °C) 
excretion of quinidine 

Reduction of clotting factor concentra 

Potentiation of neuromuscular dlocika 


Additive cardiac depressive etiacis 
Decreased pásma halt-ife of ouinitin 


Increased plasma conc »ntrations o! d 
(see WARNINGS) 


PREGNANCY: The use of quinidine in pregnancy should be reserved orily tor those casts ' 
the benefits outweigh the possible hazards to the patient and fetus, NURSING MOTHER. 
drug should be used with caulion due to excretion of the quinidine. in breast milk. ADV 
REACTIONS: SYMPTOMS OF CINCHONISM {inging in the ears. nausea, headaches, : 
disturbed vision) may appear in sensitive patients after a single dose of the drug. GAST RU!’ 
TINAL: Diarrhea, nausea, vomiting. abdominal pain. CARDIOVASCULAR: Widening o 
complex, cardiac asystole, ventricular ectopic beats, idroventricular mythms including ven 
tachycardia and fibrillation), paradoxical tachycaraia, arterial embolism, and hypoten sio. E 
TOLOGIC: Acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic purpura ag! 
cytosis. CNS: Headache. fever, vertigo, apprehension. excitement, confusion, delinur 
syncope. disturbed hearing (tinnitus. decreased auditory acuity). disturbed vision (myc 
blurred sion, disturbed color pereaption. reduced vision field, photophobia, diplopia. 
blindness, scotomata), optic neuritis, DERMATOLOGIC: Rash, cuteneous flushing wit! ir 
pruritus, urticaria. HYPERSENSITIVITY REACTIONS: Angioedema. acute asthmatic ep 
vascy lar collapse, respiratory arrest, hepatic toxicity. See package insert for Full Prasi 
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